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RESUME  OP  THE  WOBK,  AND  DEDICATION. 


With  this  volume  I  bring  my  account  of  rail- 
roads to  a  close.  The  subject  is  a  great  one  and 
covers,  incidentally,  the  science  of  political  econ- 
omy, the  ethics  of  business  and  the  methods,  hab- 
its and  morals  of  men.  Economic  questions  that 
enter  into  the  calculations  of  traders,  merchants 
and  manufacturers,  and  the  principles  that  gov- 
ern those  who  employ  and  manage  men,  form  a 
most  important  part  of  it. 

Naturally,  in  my  books,  practical  questions  that 
concern  the  operations  of  railroads  take  prece- 
dence of  all  others. 

But  those  who  would  comprehend  the  subject 
in  its  entirety  must  understand  the  principles  of 
political  economy  that  permeate  it  throughout 
as  well  as  more  practical  details.  For  this  reason 
I  have  given  the  former  such  space  as  I  have 
been  able. 

Railroads  are  affected  in  their  operations  by 
natural  laws — physical,  mora]  and  intellectual. 
Each  is  a  potent  factor.  In  their  solution  those 
who  own  railroads,  those  who  manage  them, 
those  who  work  for  them  and  those  who  patron- 
ize them  are  concerned. 
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Each  day  it  becomes  more  andaWftfegiwent 
that  the  greater  the  wisdom  exercised  afipyern- 
ing  railroads,  the  greater  success  they  achieve; 
the  less  friction  there  is  between  owners,  em- 
ployes and  patrons;  the  more  profitable  railway 
property  is;  the  more  contented  and  happy  em- 
ployes are;  the  better  the  public  is  served,  the 
more  friendly  it  ia.  Everything  that  contributes 
to  this  end  serves  a  good  purpose.  Books  are 
as  valuable  here  as  in  the  practice  of  medicine, 
law,  government,  the  art  of  war,  or  other  sub- 
jects that  are  too  great  to  be  comprehended  by 
one  man. 

If  in  my  writings  I  express  anywhere  opinions 
unfavorable  to  existing  methods  it  is  not  neces- 
sarily because  I  believe  them  to  be  wrong  in 
practice.  Managers  of  railroads  are  the  creatares 
of  circumstances.  Railway  corporations,  like  gov- 
ernments, are  compelled  to  accept  for  the  moment 
situations  as  they  find  them  and  adapt  themselves 
thereto  with  the  best  grace  possible.  However 
high  their  aim,  present  methods  most  conform 
to  what  is  practicable.  With  greater  knowledge 
and  better  resources  the  high  purposes  of  to- 
day that  are  merely  speculative  may  become 
realities. 

Many  portions  of  my  books  are  devoted  to  spe- 
cific details;  to  recounting  particular  methods  of 
administration.  In  being  minute  I  have  erred,  if 
I  have  erred  at  all,  on  the  safe  side,  for  while  the 
views  of  particular  men  may  not  be  accepted 
unqualifiedly  by  others,  they  are  none  the  less 


valuaTfllfi^IiijjjBjr  as  in  other1,  things,  what  we 
read  is,  jMlarff  before  had  occasion  to  remark, 
very  orterrmore  valuable  for  the  ideas  it  suggests 
than  the  thoughts  directly  conveyed.  Where  so 
many  things  have  to  be  considered,  as  iu  rail- 
roads, before  it  is  safe  to  act,  the  more  extended 
our  horizon,  the  greater'our  knowledge,  the  safer 
guides  we  make.  Hence  the  value  of  experience, 
observation,,  treatises,  descriptive  books,  etc. 

In  regard  to  the  foregoing  eleven  volumes, 
other  men,  I  must  believe,  have,  each  in  his 
particular  place,  given  many  of  the  subjects  dis- 
cussed more  attention  than  L  Of  their  methods, 
so  far  as  I  have  been  able  to  gather  them,  I  have 
been  an  attentive  student  all  my  life.  From 
them  I  have  sought  to  learn.  I  have  nothing  to 
say,  it  is  probable,  in  regard  to  their  several  lines 
of  thought,  that  will  greatly  interest  them.  On 
other  subjects  I  hope  it  may  be  different.  Those 
I  write  for,  however,  are  that  great  class,  growing 
greater  each  day;  whose  knowledge  of  railway 
operations  is  necessarily  circumscribed  and  whose 
opportunities  for  learning  are  limited.  To  these 
I  hope  my  books  will  be  something  more  than  an 
exposition  of  well  known  facts  or  possible  event- 
ualities. They  will  open  up  to  them  many  com- 
plex and  interesting  questions  that  enter  into  the 
origin,  working  and  destiny  of  railroads,  which 
would  otherwise  forever  remain  a  sealed  book, 
and  without  a  knowledge  of  which  their  pros- 
pects in  life  would  be  much  restricted  and  their 
usefulness  greatly  lessened. 
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No  business  interest  is  so  divergent  ag*that  of 
a  railway.  The  corporation  itself  is  perpetual. 
It  is  the  creature  of  circumstances.  It  serves 
all  alike.  It  is  a  repository  of  great  and  varied 
trusts.  It  is  at  once  a  manufacturer  and  trader. 
It  employs  myriads  of  men.  Its  duties  are  com- 
plex, its  responsibilities  manifold.  In  its  propri- 
etorship it  possesses  the  conservatism  and  high 
constructive  qualities  necessary  to  the  accumu- 
lation and  retention  of  property.  Herein  it  is 
fortunate,  for  men  of  this  class  are  the  natural 
rulers  of  the  world  and  the  highest  and  best 
friends  of  those  who  do  not  possess  their  peculiar 
attributes.  It  was  through  their  combinations 
that  men  first  achieved  freedom  and  the  com- 
forts of  life.  These  highly  desirable  acquisitions 
cannot  be  preserved  without  their  assistance  and 
guidance. 

In  considering  the  affairs  of  railways,  every 
interest  must  be  remembered,  that  of  owner, 
patron,  officer  and  employe.  All  their  rights, 
ambitions,  projects,  prejudices,  habits,  weak- 
nesses and  ignorances  must  be  severally  weighed 
and  considered.  Not  to  do  so  would  be  to  jeop- 
ardize, certainly  to  weaken,  the  whole  structure. 
For  these  reasons  the  philosophy  of  the  subject, 
quite  as  much  as  its  practical  details,  finds  a 
place  in  the  accompanying  volumes.  The  theme 
is  the  most  important  of  our  day,  and  may  truly 
be  called  Scientific.  I  regret  my  inability  to  do 
it  greater  justice. 


DEDICATION. 


vii 


I  have  had  many  new  and  original  cuts  pre- 
pared for  this  edition  of  the  Manual  to  show 
not  only  the  details  of  parts  or  their  working 
which  are  not  generally  well  understood,  but  espe- 
cially to  show  the  proper  method  of  procedure  in 
case  of  many  accidents.  It  is  a  well  known  fact 
that  no  words  of  explanation,  however  complete 
and  explicit  they  may  be,  can  convey  the  informa- 
tion that  a  picture  instantly  affords. 

In  concluding  these  volumes,  upon  which  I 
have  been  engaged  so  long,  I  wish  to  dedicate 
them,  however  unworthy,  to  the  officers  and  em- 
ployes of  the  railroad  corporation  with  which  I 
have  been  connected  during  the  whole  of  my 
business  life,  now  over  forty  years.  This  asso- 
ciation has  bred  in  me  far  deeper  sympathies 
than  those  of  a  business  character  merely;  in  the 
long  years  that  have  passed  officers  and  em- 
ployes have  become  brothers,  and  the  property 
itself  has  become  imbued  with  life. 

Marshall  M.  Kibkman. 
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ENGINEERS'  AND  FIREMEN'S  MANUAL, 


OR 


Course  of  Study  for  Those  Who 


Seek  to  Become  Engineers. 


ENGINEERS'  AND  FIREMEN'S  MANUAL, 

OR 

COURSE  OP  STUDY  FOR  THOSE  WHO  SEEK  TO 

BECOME  ENGINEERS. 

THE  LOCOMOTIVE  ENGINE  THE  KEY  TO  THE  RAILWAY 
WORLD:  QUESTIONS  REGARDING  SELECTION,  TRIAL 
AND  WORK  OF  THOSE  IN  CHARGE.  THE  VALUE  OF 
SYSTEMATIC  STUDY  AND  CAREFUL  EXAMINATIONS 
TO  THOSE  WHO  WOULD  BECOME  EFFICIENT  ENGI- 
NEERS. 

The  books  that  make  up  the  "Science  of  Rail- 
ways," of  which  this  is  a  part,  have  much  to 
say,  directly  and  indirectly,  about  the  Equip- 
ment and  Train  Service  of  railways.  Both  these 
subjects  bear  directly  on  the  duties  and  respon- 
sibilities of  engineers  and  firemen.  It  is  as  im- 
possible to  afford  a  separate  and  connected 
account  of  such  duties  as  it  is  to  afford  such  an 
account  of  the  duties  of  superintendents  or 
comptrollers.  Railway  service  laps  and  inter- 
laps  in  every  direction,  and  the  engineer  and  fire- 
man to  fully  understand  their  duties  must  also 
understand  the  things  that  are  germane  thereto. 
This  requires  that  they  should  study  railroading 
not  piecemeal,  but  as  a  whole. 

It  was  the  impossibility  of  separating  the 
duties  of  particular  departments  of  the  service 
and  describing  them  apart  that  first  constrained 
me  to  take  up  the  subject  as  a  whole.    I  started 
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out  to  describe  particular  branches  of  the  ser- 
vice, but  quickly  found  that  their  connection 
with  the  others  was  so  close  as  to  render  a  de- 
scription of  the  whole  necessary.  Thus  I  was 
led  reluctantly  and  contrary  to  my  original  in- 
tention to  take  up  the  subject  in  its  entirety. 
What  I  have  been  compelled  to  do,  others,  who 
seek  to  fully  inform  themselves  in  regard  to  par- 
ticular branches  of  the  service,  will  also  be  com- 
pelled to  do. 

While  there  are  many  engineers  and  firemen 
who  take  this  comprehensive  view  of  the  sub- 
ject, others  believe  their  field  lies  more  apart 
and  that,  therefore,  it  is  susceptible  of  separate 
delineation  and  study.  There  is  much  interest- 
ing and  valuable  literature  extant  on  the  subject 
of  the  duties  of  engineers  and  firemen,  but  for 
the  reason  stated,  it  only  partially  explains  their 
offices.  This  does  not,  however,  lessen  its  value, 
so  far  as  it  goes.    It  is  simply  incomplete. 

Knowledge  of  the  locomotive  and  how  it  is 
operated  is  only  one  of  many  things  engineers 
and  firemen  must  know.  They  must  also  be 
familiar  with  train  regulations,  signals,  methods 
of  dispatching  trains  and  kindred  knowledge. 
Such  things  are  fundamental.  Moreover,  as 
their  duties  bring  them  in  daily  contact  with 
the  equipment,  they  must  know  something  of 
its  construction,  care  and  maintenance.  The 
wider  their  knowledge,  the  greater  the  prob- 
ability that  they  may  some  day  become  depart- 
ment  directors  instead   of   operatives   merely. 
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Nor  need  their  ambition  be  thus  restricted. 
The  nature  of  their  duties  affords  an  admirable 
opportunity  for  acquiring  the  knowledge  re- 
quired by  superintendents  and  managers  of 
railroads.  All  that  is  needed  is  that  he  who  sets 
out  to  familiarize  himself  with  the  locomotive 
shall  keep  on  until  he  becomes  acquainted  with 
the  needs  of  other  branches  of  the  service.  The 
task  is  difficult,  but  not  insurmountable.  The 
knowledge  may  be  acquired  by  experience, 
study,  observation,  inquiry  and  the  thousand 
and  one  devices  ambitious  men  adopt  to  further*  w 
their  ends. 

A  man  who  seeks  merely  to  be  a  fireman,  and 
then  an  engineer,  and  afterward,  perhaps,  a  fore- 
man, may  be  satisfied  with  a  mechanical  or  per- 
functory knowledge  of  the  railway  world,  but 
such  knowledge  is  not  sufficient  even  for  this 
limited  field.  However,  he  can  possibly  get  on 
thus  without  scandalizing  the  service,  or  seri- 
ously jeopardizing  the  interest  of  his  employer, 
but  if  he  expects  to  occupy  a  position  of  greater 
power  and  influence,  he  must  study  railroading 
as  a  whole.  Only  thus  can  he  comprehend  the 
spirit  and  practices  that  animate  the  service,  or 
cope  with  the  many  men  of  talent  who  fill  its 
offices. 

To  be  an  officer  of  a  railroad,  or  to  fill  a  posi- 
tion of  responsibility  in  connection  therewith, 
requires  that  the  incumbent  shall  understand  the 
science  of  government.  This  science  is  in  essen- 
tial things  alike  as  regards  public  and  private 
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corporations.  To  know  how  to  govern  a  country 
or  city  well,  is  to  know  how  to  govern  a  great 
railroad  well  with  its  vast  army  of  employes  and 
widely  extended  and  complicated  interests.  The 
mar.  who  seeks  preferment  in  either  must  under- 
stand how  governments  are  formed  and  how  best 
carried  on  for  the  common  good.  He  must  know 
much  about  the  checks  and  safeguard  i  that  expe- 
rience proves  to  be  needed  in  order  to  secure  a 
strong  and  pure  government.  Such  knowledge, 
as  I  have  said,  constitutes  a  part  of  the  science  of 
railroads,  and  no  man  is  fully  capable  of  being 
an  officer  of  a  railroad  or  of  holding  a  position 
where  he  must  come  in  contact  with  the  public, 
without  possessing  it.  This  feature  of  the  situ- 
ation I  have  sought  to  explain  in  my  books  as 
conscientiously  as  1  have  the  basis  of  rates,  safe 
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ests  not  only  require  that  they  should  possess  this 
knowledge,  but  the  interests  of  their  employer 
as  well.  The  more  the  subject  is  studied,  the 
more  this  truth  will  be  apparent.  I  am  not  so 
presumptuous  as  to  believe  I  have  exhausted  the 
science  of  railways  in  my  books.  If  a  book  could 
be  made  exhaustive,  there  would  never  be  but 
one  written.  The  greatest  value  that  any  book 
possesses  is  the  suggestions  it  affords  the  person 
who  reads  it.  He  may  find  many  things  upon 
perusing  it,  that  he  did  not  know  before,  or  only 
surmised;  others  again  that  he  had  overlooked. 
He  will  be  refreshed  as  by  a  bath,  even  though 
he  has  only  acquired  a  morsel  of  original  infor- 
mation from  what  he  has  read,  for  the  reason 
that  his  knowledge  will  have  been  expanded  by 
the  thoughts  to  which  his  reading  has  given  rise. 
Let  railway  men  keep  this  in  mind  in  reading 
books  on  railway  and  other  subjects. 

I  have  sought  to  treat  my  theme  as  fully  as 
circumstances  permitted.  Where  I  do  not  wholly 
enlighten,  I  may  be  pardoned  for  believing  that  I 
have  at  least  pointed  the  way. 

There  are  few  of  the  books  that  make  up  the 
"  Science  of  Railways  "  that  do  not  contain  mat- 
ter of  more  or  less  general  interest  and  value  to 
those  who  seek  to  be  firemen  and  afterward  engi- 
neers. However,  if  the  latter  position  is  the 
height  of  their  ambition,  then  some  of  the  books 
will  not  possess  as  much  value  as  they  would 
under  other  circumstances,  but  in  every  book 
may  be  found  some  account  of  the  practices  and 
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philosophy  of  railroading  with  which  it  is  desir- 
able every  one  should  be  familiar. 

Much  of  the  information  that  books  on  the 
general  subject  of  railroads  contain  is  not  neces- 
sary to  a  fireman  to  enable  him  to  creep  up  to 
the  place  of  engineer,  any  more  than  salt  is 
absolutely  necessary  to  a  potato;  but  he  like 
every  railway  man,  if  lacking  in  the  niceties  of 
his  profession  (that  only  general  knowledge  can 
supply),  will  lack  flavor  and  will  seek  in  vain  to 
reach  the  highest  positions  in  the  service. 

From  the  foregoing  it  will  be  seen  that  a 
consecutive  and  separate  account  of  the  duties 
of  engineers  and  firerueu  is  impossible.  How- 
ever, there  are  particular  duties  imposed  upon 
them  that  may  be  described  apart.  These  I  shall 
embody  here.     While  incomplete,  the  matter  is 
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his  ability  to  secure  a  position,  if  through  any 
untoward  circumstances,  he  finds  himself  with- 
out employment. 


As  the  engine  is  the  key  of  the  railway  world, 
so  those  who  operate  it  share  in  its  supreme  im- 
portance. While  admirable  in  outline  and  use- 
fulness, it  is  after  all  only  an  aggregation  of 
metal  fashioned  into  many  curious  forms,  but 
dead  and  incomplete,  without  the  guidance  of  the 
engineer  and  fireman.  Like  the  world  in  the 
beginning  when  clothed  in  stillness  and  death, 
awaiting  the  light  of  day,  so  the  locomotive 
stands  apart,  cold  and  dead,  but  under  the  in- 
spiring influence  of  the  Engineer  and  Fireman 
pulsates  with  life,  forming  not  only  a  magnifi- 
cent picture  in  itself,  but  one  of  the  most  useful 
implements  ever  designed  by  men  for  the  use  of 
men. 

The  locomotive  is  still  in  a  state  of  evolution, 
and,  sympathetically,  those  round  about  it  are 
changing  not  only  in  the  particulars  of  their 
duties,  but  in  their  aspirations  and  lives.  The 
engineers  and  firemen  of  early  days  bore  little 
resemblance  to  their  brothers  of  the  present 
period.  The  latter  have  not  only  personally 
acquired  greater  skill,  but  they  possess  also  the 
accumulated  experience  of  those  who  have  gone 
before  them.  It  is  no  exaggeration  to  say  that 
the  fireman  of  to-day,  even  if  a  novice,  is  much 
superior  in  capacity  to  the  engineers  who  had 
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charge  for  a  long  time  after  railways  were  first 
operated.  The  first  enginemen  were  by  trade, 
blacksmiths  and  mechanics,  who  understood 
something  about  metals  and  machinery,  but 
were  ignorant  of  the  uses  of  steam  or  the  future 
possibilities  of  the  locomotive.  It  was  necessary 
to  train  men  for  the  position.  This  process  has 
been  going  on  with  ever  accelerated  speed  from 
the  first  day  up  to  the  present  moment.  There 
is  no  end  to  the  road.  It  grows  wider  and  the 
horizon  expands  with  each  advancing  step. 

The  firemen  and  engineers  of  railways  consti- 
tute as  highly  a  trained  class  of  men  as  there  are 
connected  with  the  technical  world  of  trade  at 
the  present  time.  Their  knowledge  and  useful- 
ness will  increase  with  time  and  further  expe- 
rience.    It  is  only  reasonable  to  believe  this  be- 
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acquire  knowledge  or  confine  himself  to  the  com- 
mon drudgeries  of  life.  This  is  what  competition 
is  doing,  and  it  is  thus  showing  itself  as  useful  in 
this  department  of  life  as  it  has  in  the  production 
and  interchange  of  material  commodities. 

Men  have  no  inherent  love  of  study,  but  the 
taste  grows,  and  if  one  man  studies,  all  must 
eventually  study  or  be  outstripped  in  the  race  of 
life.  Thus  the  ambition  of  a  particular  man 
starts  the  whole  forward.  When  men  acquire  a 
desire  to  learn,  moreover,  their  ingenuity  sup- 
plements the  efforts  of  others,  and  in  this  way 
accomplishes  a  double  purpose,  at  once  encour- 
aging and  beneficent. 

As  the  driftwood  carried  to  the  coast  of  Spain 
suggested  to  Columbus  the  unknown  world  of 
America,  so  the  questions  and  answers  embodied 
further  on  herein  will  suggest  a  host  of  collateral 
ideas  of  great  value  both  to  the  student  and  his 
employer.  These  inquiries  measurably  dispel 
the  darkness,  but  do  not  fully  light  up  the  hori- 
zon. And  so  it  is  generally  in  reference  to 
books.  A  great  good  that  they  serve  is  the 
thoughts  they  give  rise  to  in  the  minds  of 
readers.  The  capillary  attraction  of  the  human 
mind  thus  exemplified,  if  I  may  thus  character- 
ize it,  has  this  attractive  feature,  that  above  the 
water  line  of  acquired  knowledge  it  ever  attracts 
to  itself,  all  that  is  necessary  to  nourish  or  ex- 
pand it.  It  is  this  feature  of  the  brain  reaching 
beyond  original  limits,  that  has  made  man  the 
arbiter  of  the  world,  and  that  makes  all  things  an 


14  DUTIES  AXD  RESPONSIBILITIES 

open  book  to  him.  The  only  difficult  thing  in  his 
case  is  to  get  his  mind  in  motion;  once  under 
way,  it  never  ceases  its  inquiries  until  death 
silences  its  action. 


In  the  case  of  engineers  and  firemen  many 
methods  have  been  devised  for  adding  to  their 
knowledge  so  that  they  may  better  serve  them- 
selves and  the  great  industries  with  which  they 
are  connected.  In  some  of  the  old  countries  of 
Europe,  and  particularly  in  France,  technical 
schools  have  been  established  near  the  great 
shops  by  railroad  companies,  so  that  the  children 
of  employes  may  early  in  life  be  instructed  in  the 
trade  they  design  following,  and  this  under  the 
immediate  eye  of  their  father.       Thus,  as  they 
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period.  For  this  reason,  the  benevolent  inten- 
tions of  the  corporations  in  providing  schools  for 
the  children  of  employes,  will,  it  is  reasonable  to 
believe,  be  followed  by  the  best  possible  results 
to  themselves.  However,  the  schools  are  not 
intended  for  the  children  of  firemen  and  engi- 
neers alone,  but  for  all  employes  engaged  about 
the  shops. 

Usually  the  effort  to  educate  men  for  engi- 
neers and  firemen  does  not  commence  until  the 
men  have  entered  the  service.  This  is  where  the 
great  bulk  of  the  railroads  of  the  world  take  up 
the  work  of  instruction.  The  method  they  fol- 
low in  carrying  out  their  object  is  as  diversified 
as  it  is  in  other  things  connected  with  the  ser- 
vice. Formerly,  applicants  were  put  on  the 
locomotive,  and  told  to  go  to  work,  their  prepar- 
atory instruction  being  of  the  simplest  possible 
kind.  This  practice  is  still  extensively  followed. 
In  other  cases,  the  fireman  is  compelled  to  serve 
a  brief  apprenticeship  in  the  roundhouse.  In 
still  other  cases,  the  preparatory  period  is  more 
extended  and  the  labor  prolonged.  Some  com- 
panies go  so  far  as  to  require  a  man  who  seeks 
to  become  a  fireman  to  commence  emptying 
clinker  pits,  cleaning  and  wiping  engines,  and 
performing  such  mechanical  duties  in  connec- 
tion with  the  locomotive*  as  occasion  requires. 
If  he  shows  adaptability  and  industry,  he  is  after 
a  while  given  an  opportunity  by  being  put  on 
the  Extra  Firemen  list.  Here  his  action  is  care- 
fully scrutinized.    If  he  meets  just  expectation, 
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he  is  iu  due  course  made  a  regular  fireman,  the 
assistant  and  second  self  of  the  engineer.  Here, 
while  he  has  his  own  work  to  do,  and  plenty  of 
it,  he  has  an  opportunity  to  familiarize  himself 
with  the  work  of  the  engineer.  The  facility  with 
which  he  does  this,  will  depend  upon  his  ability 
to  learn  and  his  desire  to  get  on  iu  the  world, 
but  assuming  that  he,  not  less  than  his  older 
brother  the  engineer,  is  animated  by  an  acute 
intelligence  and  a  laudable  ambition,  he  must 
also  have,  like  the  latter,  good  health,  a  strong 
body,  and  be  free  from  intemperate  habits. 
These  latter  qualities  are  more  necessary  to 
those  connected  with  locomotives  than  to  others 
in  the  service,  although  they  are  necessary  to 
every  man  who  expects  to  achieve  success  in  life. 
It  goes  without  saying,  that  every  man  who 
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the  necessity  of  it,  railroad  companies  began  to 
inquire  into  the  antecedents  of  aspirants.  By  and 
by  they  got  to  inquiring  about  their  habits,  but 
railroads  had  been  operated  in  America  sixty 
years  before  it  occurred  to  them  to  test  the  men- 
tal capacity  and  disposition  of  applicants  by  care- 
ful examinations.  As  this  could  not  very  well 
be  done  before  applicants  entered  the  service,  it 
had  to  be  done  afterward.  It  took,  in  a  general 
way,  the  shape  of  examinations  such  as  charac- 
terize those  of  students  of  law  and  medicine. 
Meanwhile,  the  general  trustworthiness  of  the 
employe  was  scrutinized  and  his  mode  of  life, 
morals,  temperament,  steadfastness  and  general 
fidelity  to  duty  carefully  studied.  If  deficient  in 
these  latter  respects,  intellectual  and  physical 
endowments  were  not  sufficient  to  outweigh 
objections.  On  the  other  hand,  if  lie  possessed 
all  the  moral  qualities,  and  yet  was  deficient 
mentally  and  physically,  he  was  not  considered 
as  affording  good  material  for  a  fireman,  and, 
prospectively,  an  engineer.  Accordingly,  if  dur- 
ing the  probationary  period  he  broke  down,  or 
failed  to  answer  the  requirements  of  the  service, 
he  was  told  to  go  his  way  and  in  some  field  where 
his  capabilities  would  be  sufficient  for  the  occa- 
sion fix  his  life  occupation.  This,  instead  of  being 
a  hardship  or  injustice,  has  been  found  to  be  a 
kindness  to  applicants,  because  it  anticipates 
subsequent  failure  and  saves  them  the  waste  of 
time  and  mortification  that  would  otherwise 
ensue. 
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It  also  saves  the  company,  and  incidentally  the 
public,  from  the  mishaps  that  attend  the  service 
of  men  inferior  in  mental  and  moral  qualities.  It 
not  only  enables  the  employer  to  promptly 
separate  the  capable  from  the  incapable,  but 
throws  around  the  general  public  a  measure  of 
safety  that  carriers  are  always  bound  to  con- 
sider. 

In  order  to  pass  the  examinations,  careful  study 
and  preparation,  and  experience  as  well,  are 
required.  Applicants  must  at  least  have  a  good 
common  school  education,  because  this  isrecmired 
of  engineers.  Once  having  entered  the  service  it- 
is  manifest  that  the  efficiency  of  the  incumbent 
may  be  greatly  heightened  by  requiring  him  to 
commence  at  once  systematically  to  study  the 
problems  of  the  business  with  which  he  is  identi- 
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world,*  contemplates  a  careful  and  systematic 
course  of  study.  First,  however,  the  habits  and 
antecedents  of  applicants  are  carefully  inquired 
into,  as  I  have  intimated.  Once  the  applicants 
have  passed  this  ordeal,  the  full  confidence  of 
the  company  is  accorded  them  and  every  facility 
afforded  them  to  pursue  the.;r  inquiries  and  stud- 
ies so  as  to  fit  themselves  for  present  and  future 
work.  Every  official  of  the  machinery  depart- 
ment holds  himself  ready  to  answer  questions  or 
respond  in  other  directions  so  far  as  it  may  be 
proper  to  aid  applicants  in  this  way. 

After  the  applicant  for  the  position  of  fireman 
has  passed  through  the  preliminary  stages,  what- 
ever they  may  be,  he  is  given  a  series  of  questions 
bearing  directly  on  his  future  duties  and  respon- 
sibilities as  an  engineer.  These  he  is  expected  to 
carefully  study,  and  at  the  end  of  the  time  desig- 
nated, go  before  the  master  mechanic  or  other 
authorized  officer  and  answer  them  categorically, 
with  such  other  questions  of  an  incidental  nature, 
as  are  pertinent  to  the  occasion.  However,  the 
list  of  questions  given  him  and  the  answers 
thereto  constitute  the  examination  in  the  main. 


•Among  these,  Mr.  Robert  Quayle,  who  stands  in  the  first 
rank  in  knowledge  of  railway  machinery  and  equipment  and  in 
conscientious  effort  to  make  this  great  department  of  the  ser- 
vice all  it  should  be.  He  has  no  superior  as  a  student  or  execu- 
tive, and  I  desire  here  to  thank  him  for  valuable  information 
and  assistance.  I  am  indebted  to  many  others  but  to  him 
especially  and  particularly.  M.  M.  K. 
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Having  passed  the  first  examination  success' 
fully,  he  is  furnished  a  further  list  of  questions  he 
will  be  expected  to  answer.  This  constitutes  the 
second  examination.  Following  this  he  is  'fur- 
nished the  interrogatories  which  close  the  course 
of  study. 

In  regard  to  the  last  examination,  no  one  is 
ever  sent  to  take  it,  whom  the  master  mechanic 
above  him  is  not  willing  to  accept  as  an  engineer 
provided  he  successfully  passes  it.  Another  con- 
dition and  a  very  proper  one  is  that  men  sent  for- 
ward for  this  examination  shall  be  in  their  order 
of  service,  other  things  being  equal.  The  final 
examination,  which  is  so  important,  is  usually 
conducted  by  a  board  appointed  for  the  purpose. 
This  insures  impartiality  and  thoroughness, 
though   the   same  thing  can,  it  is   apparent, 
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Different  roads  vary  the  details.  Its  merit  is 
that  it  affords  "a  course  of  study,  which,  with  the 
practical  experience  of  the  fireman  meanwhile, 
makes  of  him  a  trustworthy  engineer.  This  is 
what  every  fireman  strives  for  and  what  his  em- 
ployer requires  of  him,  for  it  is  thus  engineers 
are  made. 

If  during  the  progress  of  the  examinations  can- 
didates are  unable  to  pass  or  answer  the  questions, 
it  is  generally  thought  well  to  extend  the  time  a 
reasonable  period. 

If  at  the  expiration  of  the  time  allotted  the 
applicant  is  unable  to  pass,  then  the  expediency 
of  his  seeking  other  employment  naturally  sug- 
gests itself,  and  this  last  for  two  reasons,  as  I 
have  already  intimated:  First,  that  the  service 
may  not  be  clogged  by  men  who  cannot  ulti- 
mately be  promoted;  and  second,  that  applicants 
shall  not  be  allowed  to  waste  their  time  upon 
work  not  destined  to  be  of  lasting  advantage  to 
them.  And  in  this  connection  it  is  not  considered 
too  much  by  those  versed  in  such  matters  that 
applicants  shall    answer  satisfactorily,  both  in 

examinations  in  regard  to  these  lust  are  sometimes  conducted 
by  the  machinery  department,  but  more  frequently,  perhaps, 
by  the  operating  department.  Upon  many  lines,  the  superin- 
tendent is  not  satisfied  until  he  personally  ascertains  that 
those  taking  charge  of  engines  are  familiar  with  tho  rules, 
familiar  with  the  time  table,  and  familiar  with  the  signals. 
The  machinery  department  looks  especially  to  the  technical 
fitness  of  those  in  charge  of  locomotives:  the  operating  depart- 
ment requires  in  addition  to  this,  perfect  familiarity  with  the 
the  rules  governing  the  movement  of  engines  and  trains  over 
the  road. 
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writing  and  orally,  eighty  per  cent  of  the  ques- 
tions asked  them  in  each  of  the  examinations. 

And  in  regard  to  applicants,  every  assistance 
possible  is  rendered  them,  as  already  intimated, 
and  they  are  at  liberty  to  go  to  master  mechanics, 
foremen  and  others  for  information  in  regard  to 
those  things  they  do  not  fully  understand. 

It  will  be  seen  from  the  foregoing  that  in  no 
sense  will  the  course  of  study  be  forestalled  by  the 
questions  that  are  propounded  and  the  answers 
thereto  that  are  contained  herein.  Both  the  ques- 
tions and  the  answers  applicants  will  find  it  use- 
ful to  critically  study,  as  students  pursue  their 
studies  at  universities;  but  they  must  not  only 
know  the  correct  answers  to  the  various  inter- 
rogatories (because  every  engineer  must  under- 
ul  them),  but  must  understand  their 
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particularly  engineers  and  firemen,  in  regard  to 
the  construction,  use  and  maintenance  of  the  air- 
brake, steam-heating  apparatus,  use  of  gas  and  ! 
electricity  for  lighting,  and  other  implements  of 
an  intricate  or  scientific  nature  that  are  used  on  { 
trains.  The  expense  of  this  systematic  course  of 
instruction  is  more  than  offset  by  the  increased 
efficiency  of  those  thus  instructed.  The  efforts  of 
railway  companies  in  this  direction  are  everywhere 
actively  seconded  by  their  employes,  as  it  adds  to 
their  usefulness  and  renders  more  certain  their 
promotion,  or  if  not  promotion,  then  successful 
competition  in  the  strife  for  place  and  its  reten- 
tion. Accurate  and  extended  knowledge  of  their 
duties,  aside  from  its  present  value,  cannot,  it  is 
also  apparent,  but  be  of  the  greatest  possible  use 
to  those  who  possess  it,  should  they,  through  the 
cutting  down  of  a  force  or  otherwise,  find  it  nec- 
essary to  seek  employment  elsewhere. 

The  examination  of  firemen  and  engineers  has 
been  disregarded  on  many  roads,  but  it  needs 
little  discernment  to  see  that  this  state  of  affairs 
cannot  continue  always.  Companies  lacking  this 
element  of  strength  will  not  be  able  in  the  long 
run  to  make  a  showing  as  against  companies 
whose  force  throughout  has  been  carefully 
instructed  in  technical  knowledge  of  the  highest 
order  in  regard  to  their  duties.  The  omissions 
and  mistakes  of  the  inefficient  and  the  scandals 
they  will  create,  to  say  nothing  of  the  extra 
expense  such  men  entail,  will  compel  the  compa- 
nies employing  them  to  adopt  a  more  compre- 
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hensive  plan  of  selection  and  instruction,  first 
with  a  view  of  preventing  inefficient  men  from 
entering  their  service,  or  in  case  they  have  such, 
to  weed  them  out  as  soon  as  possible  in  the  event 
they  prove  to  be  incompetent.  In  making  these 
examinations  the  railroads  will  only  forestall  the 
act  of  the  state,  for  it  is  only  a  question  of  time, 
and  a  short  time  at  that,  when  firemen  and  engi- 
neers will  be  compelled  to  go  before  a  State 
Board  for  examination  as  to  their  fitness,  the 
same  as  steamboat  engineers  are  required  to  do, 
unless  the  railroad  companies  forestall  such 
action  by  themselves  making  the  examination. 

The  questions  that  it  is  proper  to  propound  to 
applicants  for  the  position  of  engineer  are  many 
and  intricate.  The  answer  to  each  question,  it 
will  be  observed,  is  of  a  nature  to  familiarize  the 
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opportunity  to  show  fitness  in  this  respect,  which 
is  all-important  in  the  positions  that  he  aspires 
to  fill. 

In  propounding  the  questions  that  follow,  it 
will  ~be  noticed  that  no  fixed  or  predetermined 
formula  is  observed.  They  are,  however,  specific 
and  such  as  are  suggested  by  the  practical 
experience  of  those  versed  in  such  matters.  I  do 
not  seek  here,  any  more  than  elsewhere,  to  be 
original,  but  rather  useful;  to  supplement  my 
limited  knowledge  wherever  possible  by  the  wider 
knowledge  and  experience  of  others.  The  par- 
ticular form  that  an  examination  shall  take  is  not 
material,  if  it  is  effective.  The  method  I  have 
followed  is  the  commonplace  one  of  interrogating 
the  applicant  by  asking  him  questions.  It  is 
probable  that  with  the  growth  of  the  service  the 
list  of  questions  will  be  extended.  That  would  be 
of  advantage  to  the  applicant  if  it  will  extend  his 
knowledge. 

In  reference  to  the  answers  to  the  various 
questions,  it  is  not  expected,  as  already  inti- 
mated, that  applicants  will  restrict  themselves 
either  to  the  scope  or  words  I  use.  The  answers 
I  give,  while  correct,  and  such  as  to  throw  a  clear 
light  on  the  subject,  are  not  exhaustive. 

The  fireman  who  passes  an  examination  is 
expected  to  answer  the  questions  correctly  or  at 
least  eighty  per  cent  of  them.  The  information 
I  give  will  help  him,  but  it  is  also  intended  he 
shall  give  the  matter  exhaustive  thought  on  his 
own  account.    The  subject  is  a  growing  one  and 
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it  is  expected  of  firemen  as  it  is  of  every  man  con- 
nected with  railroads,  be  he  high  or  low,  that  he 
will  not  be  satisfied  with  what  he  knows,  but  will 
strive  to  keep  on  acquiring  knowledge.  I  do  not 
here  any  more  than  elsewhere  seek  to  forestall 
personal  research,  but  to  add  to  the  desire  to 
acquire  it  by  careful  study  and  thought. 

With  these  explanatory  remarks  I  will  take  up 
the  several  examinations  in  their  order,  and  first, 
the  inquiries  that  every  fireman  (whether  already 
in  the  service,  or  just  entering  it)  may  at  any 
time  expect  to  be  put  into  his  hands  to  be 
answered  at  the  end  of  some  specified  time.  A 
full  knowledge  of  the  questions  propounded  and 
the  answers  thereto  will  aid  him,  not  only  in  the 
direct  examinations  to  which  he  will  be  sub- 
jected, but  in   replying  to   collateral  questions 
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The  questions  and  answers,  constituting  the 
three  examinations  are  generally  familiar  to  en- 
gineers. Nevertheless,  in  their  aspect  and  group- 
ing, they  present  new  features  that  will  prove 
interesting  and  instructive  even  to  them.  While 
designated  for  firemen  seeking  advancement,  they 
cannot  prove  otherwise  than  useful  to  such  engi- 
neers as  may,  in  the  natural  order  of  things,  be 
doubtful  as  to  their  ability  to  pass  a  critical  ex- 
amination, should  one  be  instituted  by  the  state 
or  the  railroad  company.* 

8TEAM   AND    ITS   APPLICATION    TO   THE    LOCOMOTIVE. 

Before  formally  taking  up  the  examinations  al- 
ready referred  to,  it  will  be  proper  to  preface  them 
by  a  brief  description  of  the  simple  and  primary  ap- 
plication of  steam  to  the  locomotive.  I  know  that 
such  matters  are  well  understood  by  engineers 
and  firemen,  and  are  not,  therefore,  of  value  to 
them;  but  to  those  who  are  not  familiar  with 
the  subject,  they  are  interesting  and  instructive. 
Books  and  lengthy  treatises  have  been  written  on 
the  subject,  but,  stripped  of  padding  and  unneces- 
sary words,  there  is  very  little  to  be  said  if  we 
omit  other  matters  relating  to  the  locomotive, 
including  that  of  the  art  of  tiring,  which  things 
I  have  fully  pointed  out  elsewhere.     What  1  wish 

•They  appeal  especially,  so  far  as  they  go,  to  engineers  who 
are  not  familiar  by  practical  experience  with  present  methods 
of  firing.  The  engineer  not  familiar  with  the  needs  of  to-day 
and  the  exacting  requirements  in  regard  to  the  best  (scientific) 
methods  of  using  fuel  must  lose  no  time  in  becoming  so,  if  lie 
desires  to  maintain  a  place  in  the  front  ranks  of  his  profession. 
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to  say  here,  therefore,  relates  simply  to  the  proc- 
ess of  getting  the  locomotive  under  way. 

The  power  that  imparts  motion  to  the  locomo- 
tive is  the  expansive  force  of  steam.  This  force, 
which  has  been  knowm  for  thousands  of  years, 
was  first  utilized  for  purposes  of  carriage  in  the 
early  part  of  the  nineteenth  century. 

As  stated  elsewhere,  steam  is  the  vapor  of 
water  generated  by  heating  water  above  the  boil- 
ing point.  Hence  steam  is  water  in  a  gaseous 
state  and  is  colorless  and  imperceptible  to  the 
eye.  Saturated  steam  is  steam  either  in  contact 
with  the  water  from  which  it  was  generated  or, 
if  separated  therefrom,  is  kept  at  the  same  tem- 
perature and  pressure.  Wet  steam  is  steam  not 
only  saturated,  but  also  holding  in  suspension 
unevaporated  water  in  the  form  of  minute  drops: 
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dome  from  which,  and  at  quite  a  distance  above 
the  usual  water  level,  reasonably  dry  steam  is 
taken,  passed  through  a  pipe  called  the  "dry  pipe," 
and  branching  in  the  smoke-box  or  front  end 
of  the  locomotive  where  the  escaping  hot  gases 
have  a  tendency  to  superheat  it,  passes  into  the 
two  cylinders  in  which  its  energy  becomes  useful. 

In  steam,  as  in  other  gases,  there  is  a  natural 
repulsion  between  its  various  particles,  each  par- 
ticle trying  to  separate  itself  from  the  others,  so 
that  it  will  fill  the  receptacle  in  which  it  is  placed, 
regardless  of  the  quantity  of  steam  or  size  of  the 
vessel  holding  it.  Its  natural  tendency  is  to 
expand  and  thus  push  out  whatever  resists  expan- 
sion. If  the  steam  is  enclosed  and  superheated, 
therefore,  as  in  the  case  of  a  locomotive  boiler,  the 
natural  tendency  of  its  particles  to  separate  is 
intensified  and  we  thus  obtain,  according  to  its 
quantity  or  volume,  the  steam  pressure  required. 

The  vapor  seen  escaping  from  a  vessel  of  boil- 
ing water,  or  rolling  in  clouds  from  the  exhaust 
pipe  of  a  locomotive,  is  only  a  modification  or 
diluted  agent  of  the  mighty  force  that  does  so 
much  of  the  world's  work.  This  vapor  is  steam 
that  is  resolving  itself  back  into  water;  the 
change  or  condensation  which  is  visible  is  caused 
by  its  contact  with  the  cold  air.  Real  steam,  as 
just  stated,  is  an  invisible  gas,  or,  rather,  a  trans- 
parent fluid,  really  water  changed  into  gas  by 
the  action  of  heat.  Accordingly,  to  make  the 
steam  that  an  engine  requires  water  must  be 
boiled.  To  hasten  this  and  to  lessen  the  cost, 
the  boiler  is  permeated  with  tubes,  or  flues,  con- 
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necting  with  the  fire-box,  into  which  the  flames 
therefrom  are  drawn,  thus  multiplying  the  heat- 
ing surface  and,  in  so  far  as  this  is  done,  hasten- 
ing the  boiling  of  the  water  and  the  generation 
of  steam.*  As  the  water  is  transformed  into 
steam  it  rises  into  the  dome,  as  will  be  seen  by 
reference  to  the  diagram  of  the  locomotive.  From 
there  it  is  released  by  opening  the  throttle  valve 
and  is  thence  conveyed,  through  what  is  known 
as  the  dry  pipe  and  steam  pipes,  through  the 
steam  chest,  thence  to  the  cylinders. 

It  is,  as  is  well  known,  the  expansive  power  of 
the  steam  operating  through  the  mechanism  of 
the  cylinders  that  affords  the  propelling  power 
of  the  loeomotive.f 

In  order  to  utilize  this  power  there  is  connected 
with  the  cylinders  a  steam    box  which  is  com- 
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fitted  with  a  piston.  This  is  movable  bacK  and 
forth  from  one  end  of  the  cylinder  to  the  other. 
Thus  the  steam  from  the  boiler  is  introduced 
through  the  steam  chest  into  one  end  of  the 
cylinder  and  forces  the  piston  to  the  opposite 
end;  then  the  valve  opens  the  port  at  the  other 
end  of  the  steam  chest  and  allows  the  steam  to 
enter  at  the  opposite  end  of  the  cylinder,  and  at 
the  same  time  connecting  the  other  side  of  the 
piston  with  the  atmosphere,  thus  allowing  the 
steam  just  used  to  escape;  this  reversal  of  pressure 
upon  it  forces  the  piston  back  to  the  place  whence 
it  first  started.  The  escape  to  the  atmosphere 
takes  place  through  the  smokestack  in  order  to 
create  a  greater  draught  on  the  fire.  This  action 
back  and  forth,  at  first  slow,  is  almost  incon- 
ceivably rapid  when  the  locomotive  is  under  full 
headway.  The  piston  described  is  in  its  turn, 
attached  to  a  rod  which  works  through  a  closely 
fitting  opening  in  the  back  end  of  the  cylin- 
der. In  this  way  the  motion  is  carried  out- 
side of  and  beyond  the  cylinder.  To  the  end 
of  the  piston  rod  just  referred  to  is  attached 
the  connecting  rod  which,  in  turn,  is  attached 
to  the  crank  or  revolving  shaft  of  the  driver. 
The  backward  and  forward  motion  of  the 
piston  (called  "reciprocating  motion")  is 
thus  converted  into  a  revolving  or  rotary  motion. 
It  is  observed,  however,  that  the  connecting  rod, 
when  it  has  carried  the  crank  backward  or  for- 
ward as  far  as  it  will  go,  loses  its  reciprocating 
motion  and  the  piston  will  no  longer  produce  a 
rotary  motion.     These  positions  of  the  crank  are 
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called  its  dead  points.  In  the  stationary  engine 
this  is  overcome  by  a  fly  wheel,  the  momentum 
of  which  carries  the  crank  past  the  dead  points; 
then,  too,  stationary  engines  of  one  cylinder  are 
not  required  to  frequently  stop  and  start  with  a 
load,  as  are  locomotives.  In  the  case  of  a  loco- 
motive the  obstacle  is  obviated  by  having  two 
cylinders  with  cranks,  placed  at  right  angles  to 
each  other  and  on  the  same  axle;  also,  as  the 
service  demands  the  movement  of  the  locomotive 
in  either  direction,  backward  or  forward,  the 
valve  motion  is  so  constructed  that  the  engine  is 
reversible. 

It  is  thus  that  the  steam  is  generated  aftd  its 
power  applied.  I  would  in  this  connection  refer 
the  reader  to  the  chapter  on  "Description  of  the 
Locomotive."* 


•See  "Railway  Equipment,"  VoL  L 
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fireman's  first  examination. 

How  long  have  you  been  in  the  service?* 
How  long  have  you  served  as  a  fireman? 
What  should  you  do  on  arrival  at  the  round- 
house previous  to  your  departure  therefrom  with 
your  locomotive?  I  should  draw  the  necessary 
supplies  and  see  that  the  lubricators,  lamps,  oil 
cans,  tank  and  sand  boxes  are  filled.  If  the  coal 
be  bituminous,  I  should  see  that  it  is  broken  and 
wet  down,  that  the  c;ih  and  its  fittings  are  wiped, 


Railways." 

partita,  .TLcftpiirtur  ine  loooraoUve  twine  glveo  a  number ao  built 
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Please  describe  them.* 

In  addition  to  the  danger  signals  enumerated, 
is  there  any  other  signal  that  you  consider  a  dan- 
ger signal?  Yes,  any  violent  motion  made  in 
front  of  a  train. 

What  is  the  source  of  the  power  of  a  locomo- 
tive?   Heat. 

What  is  steam?  Vapor,  generated  by  heating 
water  above  the  boiling  point. 

What  do  you  understand  by  the  pressure  indi- 
cated by  the  steam  gauge?  The  pressure  of  steam 
in  pounds  per  square  inch  above  atmospheric 
pressure. 

What  is  meant  by  atmospheric  pressure  ?  The 
weight  or  pressure  of  the  atmosphere,  namely: 
about  fifteen  pounds  per  square  inch  at  sea-level. 

Has  a  locomotive  a  natural  or  a  forced  draught 
while  working?-    It  has  a  forced  draught. 

Why  ?  Because  of  the  exhaust  steam  escaping 
through  the  smokestack. 

How  does  the  exhaust  steam  create  a  draught 
through  the  fire?  By  forming  a  partial  vacuum 
in  the  smoke-box  and  in  the  flues,  which  the  hot 
air  from  the  fire-box  rushes  in  to  fill,  thus  creat- 
ing a  draught. 


♦The  hand  signals  that  employes  use,  also  the  signals  that 
are  carried  on  locomotives  and  cars  (indicating  particular 
things),  also  the  signals  connected  with  the  track,  are  fully  de- 
scribed and  illustrated  in  the  book  on  "Train  Service"  in  the 
Science  of  Railways.  Any  one  seeking  to  be  an  engineer,  or  to 
answer  the  questions  connected  therewith,  is  respectfully  re- 
ferred to  the  book  in  question,  as  it  will  without  doubt  facilitate 
their  research  and  knowledge  of  railway  practice. 
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What  good  effect  is  produced  by  opening  the 
fire-box  door  when  the  engine  is  at  work?  By 
partially  opening  the  door  black  smoke  and  pop- 
ping are  prevented.* 

What  bad  effect  is  produced  by  opening  the 
fire-box  door  when  the  engine  is  at  work?  The 
chilling  of  flues  and  sheets,  and  thereby,  through 
contraction,  causing  them  to  leak  and  warp.f 

Is  it  necessary  to  have  a  large  quantity  of  air  to 
generate  steam  rapidly?  It  is,  as  the  air  supplies 
more  than  half  the  elements  for  combustion. 

Does  this  apply  to  a  heavy  fire  as  well  as  a 
light  one?  Yes,  the  heavier  the  fire  the  greater 
the  quantity  of  air  required. 

Has  improper  firing  any  tendency  to  cause  flues 
to  leak?  Yes,  in  so  far  as  it  permits  the  cold  air 
to  strike  the  flues  unnecessarily. 
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How  can  black  smoke  be  avoided?  By  care- 
ful and  scientific  firing. 

.  Why  should  black  smoke  be  prevented)  To 
save  fuel  and  avoid  dirt  and  annoyance  to  the 
public. 

Has  it  been  proven  in  practical  service  that 
proper  firing  will  prevent  black  smoke?     It  has. 

How  is  such  firing  accomplished?  By  the 
single  shovelful  process,  or  never  putting  into  the 
fire-box,  at  most,  but  two  shovelsful  at  one  time. 

Is  this  manner  of  firing  productive  of  economy 
of  fuel?  It  is;  a  saving  of  between  15  and  20 
per  cent,  has  been  obtained  in  actual  service.  It 
will  also  cause  a  more  nearly  uniform  tempera- 
ture to  be  maintained  in  the  fire-box,  thus 
lengthening  the  life  of  the  flues  as  well  as  im- 
proving the  steaming  qualities  of  a  locomotive. 

Does  the  size  of  the  exhaust  nozzle  affect  the 
fire?*     Yes,  by  affecting  the  draught  on  the  fire. 

When  the  amount  of  fuel  burned  is  greater  in 
the  front  end  of  the   fire-  ■*»*■  «».* 

box  than  in  the  back  end,    tf^~fe»      ■drWEtl* 


The  exhaust  pipe,  as  ils  name  im- 
plies, is  a  pipe  for  carrying  the  ex- 
haust steam  from  the  cylinders  to 
(he  emote- box  of  the  engine  and  bo 
through  the  smokestack.  Suitably 
attached  to  tbe  upper  end  of  the 
exhaust  pipe  is  the  exhaust  tip  or 
nozzle,  the  size  of  which  is  altered 
in  accordance  with  the  draught  re- 
quirements of  the  engine — a  small 
exhaust  creates  a  powerful  draught, 

and  vice  versa.     (See  Figs.  2  and  3.) _. 

The  steam  is  carried  to  the  smoke-  JftngZ*  ./).,ui.ii 

stack  for  the  purpose  of  creating  a  -w__ 

forced  draught  through  the  fire-box.  ■"«fl(nwTiVw' 
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what  does  it  denote?  It  denotes  that  the  greatest 
amount  of  draught  passes  through  the  bottom 
flues. 

When  the  amount  of  fuel  burned  is  greatest 
under  the  fire-box  door,  what  does  it  indicate? 
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What  is  meant  by  the  "draught  appliances"  of 
a  locomotive?  The  diaphram,  the  petticoat-pipe 
or  pipes,  the  exhaust  pipe  and  nozzle,  and  the 
netting.     (See  Fig.  4.) 

How  often  should  grates  be  shaken?  They 
should  be  shaken  as  often  as  is  necessary  to  keep 
ashes  and  clinkers  from  forming  on  them:  it 
depends  very  much  upon  the  kind  of  coal  used. 

What  causes  an  excessive  "pull"  on  the  fire- 
bux  door?* 

What  is  the  result  of  opening  the  fire-box  door 
when  the  engine  is  working?  The  temperature 
is*  lowered  in  the  fire-box  and  flues. 

Why  is  it  important  that  bituminous  coal 
should  be  broken  into  the  size  of  an  ordinary 
apple  before  it  is  put  into  the  fire-box?  Because 
it  increases  the  exposed  surface  and  can  be  better 
spread  over  the  fire. 

Why  should  the  coal  be  wet?  To  prevent  dust 
and  dirt  and  to  give  weight  to  fine  coal. 

What  should  be  the  condition  of  the  fire  when 
a  stop  is  made  at  a  station  or  when  the  summit 
of  a  long  down  grade  is  reached?  The  fire  should 
be  burned  down  so  as  to  prevent  the  engine  either 
blowing  off  or  emitting  black  smoke. 

What  is  the  proper  method  of  using  dampers? 
The  dampers  should  be  closed  when  the  engh. 
is  not  working.     The  back  dampers  should  at  all 

*A  "pull"  on  the  fire-box  door  is  caused  by  the  partial  vacuum 
always  existing  in  the  fire-box  and  smoke- box  when  there  is  a 
forced  draught.  This  draught  pulls  the  door  shut,  or  holds  it 
when  it  is  sought  to  open  it.  If  the  tire-box  is  not  kept  free  of 
clinkers  and  ashes,  thus  permitting  0  2  passage  of  air  through 
the  fire,  there  will  be  a  stronger  pull  on  .he  (ire-box  door. 
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other  times  be  used  solely  (if  possible)  when  the 
engine  has  a  single  ash-pan. 

If  the  engineer  keeps  the  injector  working  after 
the  engine  has  been  shut  off,  in  what  condition 
should  the  fire  be  kept?  The  fire  should  be  kept 
burning  brightly,  using  the  blower  lightly  (if 
necessary)  in  order  to  keep  the  boiler  at  the 
proper  temperature. 

Is  blowing  off  at  the  pop  valves  wasteful?  Yes. 
It  causes  a  waste  of  steam,  and-  consequently  a 
waste  of  fuel. 

Describe  a  blower.  It  consists  of  a  cock  on 
the  boiler-head  with  a  pipe  coupled  to  it,  lead- 
ing to  and  terminating  in  the  smoke-box,  and 
pointing  upward  toward  the  stack  near  the  nozzle. 
(See  Fig.  5,  also  Plate  I.) 
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and  grates  are  being  freed  from  ashes  and  clink- 
ers, or  while  the  door  of  the  fire-box  is  open,  when 
there  is  only  a  light  or  poor  fire,  thus  forcing  cold 
air  through  the  flues,  causing  them  to  contract 
and  leak. 

Are  you  studying  the  subject  of  combustion? 

In  what  way  are  the  draught  holes  in  the  fire- 
box door  and  the  deflector  inside  of  the  furnace  a 
benefit?  By  permitting  the  oxygen  to  come  in 
contact  with  the  carbon  and  hydro-carbons,  thus 
creating  a  more  perfect  combustion. 

Do  you,  in  the  interest  of  the  company,  and  for 
your  own  benefit  as  well,  aid  and  assist  the  engi- 
neer in  the  performance  of  his  duties  whenever 
you  can? 

How  much  coal  do  you  burn  per  engine  mile 
and  per  mile  per  unit  of  tons  hauled?* 

What  is  the  comparison  in  this  respect  between 
your  record  and  others  in  the  same  service? 

How  do  you  account  for  any  differences  there 
may  be? 

If  your  engine  runs  two  round  trips  over  a 
division  of  109  miles  with  one  filling  of  the  lub- 
ricator, how  far  are  you  running  to  the  pint  of 
valve  oil,  if  the  lubricator  holds  3  pints?  109x2  = 
218,  round  trip.  218x2=436  miles  to  3  pints. 
436—3= 145 J  miles  run  to  the  pint  of  valve  oil. 

If  you  use  8  pints  of  engine  oil  in  the  same 
distance  what  is  your  mileage  per  pint  of  engine 
oil?  436  (  miles)-*- 8= 54  £  miles  per  pint  of  en- 
gine  oil. 

•Statistics  of  companies  are  sometimes  based  on  the  engine 

mileage  and  sometimes  on  the  pounds  of  coal  burned  per  100- 

ton-miles,  i.  e.,  in  hauling  100  tons  one  mile  or  one  ton  100  miles. 
4  vol  18 
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What  is  your  mileage  per  pint  of  lubricating 
oil  (both  engine  and  valve  oil)?  3+8  =  11  pints; 
436  (miles)^ll  =  S9.64  miles  per  pint  lubricating 
oil. 

Should  you  burn  18  tons  of  coal  per  round  trip, 
what  would  be  your  engine  mileage  per  ton? 
218-^-18=12.11  (Answer). 

If  you  hauled  1,000  tons  each  way  over  the 
division  on  this  trip,  burning  18  tons  or  36,000 
pounds  of  coal,  how  much  coal  would  you  burn 
per  WO-ton-mil&t?  1,000x218-218,000  ton  miles 
or  2,180  100-bm-milee.  36,000  (pounds)-*-2T180= 
16.52  pounds  coal  burned  per  100-ton-miles. 

Suppose  that  you  should  pull  only  a  caboose 
car  weighing  20  tons  and  burn  3  tons  for  the 
round  trip,  how  many  pounds  of  coal  would  you 
burn  to  the  100-ton  miles,  and  would  this  increase 
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was  only  12.11  miles  per  ton  of  coal,  it  is  evident 
this  trip  of  over  72  miles  per  ton  would  increase 
your  monthly  average. 

Can  you  locate  the  different  parts  of  a  locomo- 
tive and  give  their  proper  names?* 

Do  you  keep  the  engine  which  you  fire  in  as 
clean  a  condition  as  circumstances  permit? 

What  are  your  views  regarding  the  use  of  fuel, 
coal,  and  other  supplies  and  tools  ?  They  should 
be  used  carefully,  with  a  view  to  the  greatest 
possible  economy  consistent  with  effective  service. 

Do  you  comply  cheerfully  with  all  orders  ema- 
nating from  your  superiors  in  the  service? 

What  is  of  supreme  importance  to  an  engine  or 
train  when  on  the  road?  Their  right  to  be  there 
and  their  due  and  proper  protection. 

If  you  should  discover  that  a  fixed  signal  was 
missing  or  imperfectly  displayed,  what  would  it 
be  your  duty  to  do?  It  would  be  my  duty  to 
notify  the  engineer  at  once. 

The  foregoing  constitutes  the  first  examina- 
tion. It  is  very  simple  and  easily  learned.  How- 
ever, it  is  desired  that  the  student  should  mean- 
while extend  his  knowledge  in  other  directions. 
Among  other  things,  he  should  familiarize  Jiim- 

*The  reader  will  note  that  the  fine  engraving  of  the  locomo- 
tive (Plate  I.)  used  in  Railway  Equipment,  Vol  J.,  has  been 
introduced  into  this  volume  as  well,  in  order  that  reference 
thereto  may  be  the  more  easily  had.  This  complete  chart, 
naming  each  and  every  part  of  a  locomotive,  »vill  be  found  ex- 
tremely valuable  to  any  one  who  seeks  to  familiarize  himself 
with  the  intricate  machinery  and  the  names  of  the  different 
parts  of  a  locomotive.  The  reference  numbers  throughout  this 
manual  which  are  inclosed  in  brackets,  refer  to  the  number  of 
the  part  designated  by  Plate  I.,  and  should  be  carefully  studied. 
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self  in  a  practical  way  with  the  construction  and 
working  of  the  locomotive.* 

•It  is  proper  to  repeat  here  that  the  inquiries  and  replies  as 
embodied  in  this  and  the  succeeding  sections  will  vary  more  or 
less  on  the  different  roads  that  take  up  the  system  of  progress- 
ive examinations,  bat  whatever  they  may  be,  the  knowledge 
embraced  in  these  inquiries  and  the  replies  thereto  will  not  only 
greatly  facilitate  the  fireman  in  passing  his  examination,  but 
will  be  a  benefit  to  him  in  all  his  subsequent  career. 
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firemen's  second  examination. 

Note.— As  indicated  in  a  preceding  foot  note,  the  book  on 
Bailway  Equipment  of  this  series,  will  be  found  to  contain 
a  carefully  prepared  diagram  of  the  locomotive  in  which  the 
different  parts  are  numbered.  These  parts  are  frequently  re- 
ferred to  in  the  examinations  which  follow.  By  reference  to 
the  number  indicated,  the  reader  will  be  able  to  locate  the 
particular  thing  referred  to.  This  reference,  while  possibly 
not  necessary  in  every  case,  will,  nevertheless,  make  the  exam- 
ination more  easily  understood. 

The  questions  that  suggest  themselves  in  con- 
nection with  the  second  examination,  and  the 
answers  thereto,  are  as  follows: 

What  has  been  the  average  amount  of  coal  (or 
wood)  consumed  per  mile  run,  or  per  mile  per 
unit  of  tons  hauled,  by  the  engine  fired  by  you 
during  the  past  year?* 

How  many  firemen,  if  any,  have  done  better 
than  this? 

What  are  your  relations  with  your  engineer? 
(They  should  be  of  an  amicable  nature,  so  that 
you  may  freely  and  fully  discuss  with  him  every 
matter  pertaining  to  your  duties. ) 

What  are  your  views  in  reference  to  the  use 
of  intoxicating  liquors?     (The  occasional  use  of 

*Upon  many  roads  statistics  of  this  kind  are  based  upon  the 
miles  run  by  the  locomotive.  A  much  better  basis,  however, 
when  it  is  practicable,  is  the  tons  hauled  by  the  locomotive* 

(45) 
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intoxicating  liquors,  if  continued,  results  finally 
in  their  frequent,  and  habitual  use.  This  is  not 
always  the  case,  but  as  a  rule  tippling  results 
finally  in  the  participant  becoming  a  drunkard. 
No  one,  of  course,  who  indulges  in  the  use  of 
liquor  ever  believes  such  will  be  his  case.) 

Do  you  work  to  the  best  of  your  ability  for  the 
interests  of  your  employer,  and  are  you  economi- 
cal in  the  use  of  tools,  fuel  and  supplies?  Yes,  I 
consider  the  interests  of  my  employer  as  my  own, 
and  therefore  economize  in  the  use  of  supplies  as 
if  paid  for  by  myself. 

Do  you  understand  the  principle  of  combus- 
tion? 

What  is  it?  It  is  the  uniting  with  oxygen  of 
any  combustible  material  that  has  been  heated 
to  the  point  of  ignition. 
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what  does  it  denote?  It  denotes  that  the  greatest 
amount  of  draught  passes  through  the  bottom 
flues. 

When  the  amount  of  fuel  burned  is  greatest 
under  the  fire-box  door,  what  does  it  indicate? 

<fa.n i  nil  fcljftzcJC 
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What  is  meant  by  the  "draught  appliances"  of 
a  locomotive?  The  diaphram,  the  petticoat-pipe 
or  pipes,  the  exhaust  pipe  and  nozzle,  and  the 
netting.     (See  Fig.  4.) 

How  often  should  grates  be  shaken?  They 
should  be  shaken  as  often  as  is  necessary  to  keep 
ashes  and  clinkers  from  forming  on  them;  it 
depends  very  much  upon  the  kind  of  coal  used. 

What  causes  an  excessive  "pull"  on  the  fire- 
box door?* 

What  is  the  result  of  opening  the  fire-box  door 
when  the  engine  is  working?  The  temperature 
ih  lowered  in  the  fire-box  and  flues. 

Why  is  it  important  that  bituminous  coal 
should  be  broken  into  the  size  of  an  ordinary 
apple  before  it  is  put  into  the  fire-box?  Because 
it  increases  the  exposed  surface  and  can  be  better 
spread  over  the  fire. 

Why  should  the  coal  be  wet?  To  prevent  dust 
and  dirt  and  to  give  weight  to  fine  coal. 

What  should  be  the  condition  of  the  fire  when 
a  stop  is  made  at  a  station  or  when  the  summit 
of  a  long  down  grade  is  reached?  The  fire  should 
be  burned  down  so  as  to  prevent  the  engine  either 
blowing  off  or  emitting  black  smoke. 

What  is  the  proper  method  of  using  dampers? 
The  dampers  should  be  closed  when  the  engh. ; 
is  not  working.     The  back  dampers  should  at  all 

*A  "pull"  on  the  fire-box  door  is  caused  by  the  partial  vacuum 
always  existing  in  the  fire-box  ami  smoke- box  when  there  is  a 
forced  draught.  This  draught  pulls  the  door  shut,  or  holds  it 
when  it  is  sought  to  open  it.  If  the  fire-box  is  not  kept  free  of 
clinkers  and  ashes,  thus  permitting  t'  9  passage  of  air  through 
the  fire,  there  will  be  a  stronger  pull  on  «he  lire-box  door. 
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other  times  be  used  solely  (if  possible)  when  the 
engine  has  a  single  ash-pan. 

If  the  engineer  keeps  the  injector  working  after 
the  engine  has  been  shut  off,  in  what  condition 
should  the  fire  be  kept?  The  fire  should  be  kept 
burning  brightly,  using  the  blower  lightly  (if 
necessary)  in  order  to  keep  the  boiler  at  the 
proper  temperature. 

Is  blowing  off  at  the  pop  valves  wasteful  ?  Yes. 
It  causes  a  waste  of  steam,  and  consequently  a 
waste  of  fuel. 

Describe  a  blower.  It  consists  of  a  cock  on 
the  boiler-head  with  a  pipe  coupled  to  it,  lead- 
ing to  and  terminating  in  the  smoke-box,  and 
pointing  upward  toward  the  stack  near  the  nozzle. 
(See  Fig.  5,  also  Plate  I.) 
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and  grates  are  being  freed  from  ashes  and  clink- 
ers, or  while  the  door  of  the  fire-box  is  open,  when 
there  is  only  a  light  or  poor  fire,  thus  forcing  cold 
air  through  the  flues,  causing  them  to  contract 
and  leak. 

Are  you  studying  the  subject  of  combustion? 

In  what  way  are  the  draught  holes  in  the  fire- 
box door  and  the  deflector  inside  of  the  furnace  a 
benefit?  By  permitting  the  oxygen  to  come  in 
contact  with  the  carbon  and  hydro-carbons,  thus 
creating  a  more  perfect  combustion. 

Do  you,  in  the  interest  of  the  company,  and  for 
your  own  benefit  as  well,  aid  and  assist  the  engi- 
neer in  the  performance  of  his  duties  whenever 
you  can? 

How  much  coal  do  you  burn  per  engine  mile 
and  per  mile  per  unit  of  tons  hauled?* 

What  is  the  comparison  in  this  respect  between 
your  record  and  others  in  the  same  service? 

How  do  you  account  for  any  differences  there 
may  be? 

If  your  engine  runs  two  round  trips  over  a 
division  of  109  miles  with  one  filling  of  the  lub- 
ricator, how  far  are  you  running  to  the  pint  of 
valve  oil,  if  the  lubricator  holds  3  pints?  109x2  = 
218,  round  trip.  218x2=436  miles  to  3  pints. 
436-5-3= 145 J  miles  run  to  the  pint  of  valve  oil. 

If  you  use  8  pints  of  engine  oil  in  the  same 
distance  what  is  your  mileage  per  pint  of  engine 
oil?  436  (miles)~8=54.J  miles  per  pint  of  en- 
gine  oil. 

'Statistics  of  companies  are  sometimes  based  on  the  engine 
mileage  and  sometimes  on  the  pounds  of  coal  burned  per  lOO- 
ton-mtles,  i.  e.,  in  hauling  100  tons  one  mile  or  one  ton  100  miles. 
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is  uncovered  by  the  valve,  and  at  the  end  of  the 
stroke  the  reverse  motion  is  induced  by  the  steam 
entering  the  opposite  side  of  the  valve  (47)  and 
pushing  against  the  piston  in  the  opposite  direc- 
tion. Simultaneously  the  first  steam  port  is 
brought  into  connection  with  the  exhaust  open- 
ing (54),  and  thus  the  steam  that  has  been  used 
escapes  into  the  atmosphere  through  the  exhaust 
pipe  (81  and  88)  and  smokestack  (38).  (See 
Plate  I.  and  Fig.  6.) 

What  quantity  of  water  ought  to  be  evaporated 
in  a  locomotive  boiler  to  a  pound  of  coal?  Six 
to  eight  pounds,  according  to  circumstances. 

What  are  the  advantages  of  the  arch  in  the  lo- 
comotive tire-box?  It  induces  a  more  perfect  com- 
bustion by  retaining  the  gases  in  the  fire-box 
until  they  have  reached  the  igniting  point.  It 
thus  prevents,  partially  ;\t  least,  bhirk  smoke  by 
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What  is  the  purpose  of  the  safety  valve  (201) 
and  how  does  it  operate  ?  Its  purpose  is  to  relieve 
the  boiler  of  excessive  pressure  by  allowing  the 
steam  to  escape  into  the  air.  The  steam,  after 
attaining  a  certain  pressure,  pushes  up  a  stem 
and  spring  and  thereby  unseats  a  valve  and  thus 
allows  the  steam  to  escape  into  the  atmosphere 
until  the  pressure  becomes  normal,  when  the 
spring  again  seats  (closes)  the  valve.* 

Of  what  use  is  the  second  safety  valve  ?  It  is 
valuable  as  a  measure  of  safety,  in  the  event  the 
first  valve  should  stick  or  otherwise  become  in- 
operative. 
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Why  are  suction  or  air  relief  valves  (45)  fplaced 
on  the  steam  chest  of  many  locomotives?  In 
order  to  admit  air  into  the  steam  chest  and  thus 
prevent  a  vacuum  therein,  when  the  engine  is 
running  with  steam  shut  off. 

■American  locomotives  are  fitted  with  two  safety  valves  with 
the  steam  pressure  usually  set  at  from  three  to  live  pounds  dif- 
ference between  ihem. 

tFig.  8  shows  one  style  of  steam  chest  relief  valves. 
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What  is  the  object  of  safety  valves  on  the 
steam  chest  or  dry  pipe  of  a  locomotive?  To 
prevent  bursting  the  steam  chest  or  knocking  out 
a  cylinder  head  in  case  the  engine  were  reversed 
with  the  throttle  closed. 

If,  upon  opening  the  fire-box  door  (222)  what 
is  called  a  red  fire  should  be  discovered,  what 
would  be  the  probable)  cause?  That  the  grates 
had  become  filled  with  ashes  and  clinkers  and  the 
fire  was  not  getting  sufficient  air. 

If  the  fire  was  not  getting  air  enough  through 
the  grates  (165),  why  would  you  not  open  the 
fire  door?  Because  if  the  door  was  even  partially 
opened,  a  large  quantity  of  air  would  enter  and 
pass  directly  through  the  gases  without  uniting 
therewith,  except  to  a  small  extent.  Thus,  it 
would  pass  into  the  flues  (because  of  the  power- 
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and  the  fireman  can  examine  all  parts  of  the  fire- 
box to  ascertain  whether  he  is  distributing  the 
coal  to  conform  to  the  draught  arrangements  of 
the  engine. 

If  a  hole  is  formed  in  the  fire,  what  will  be  the 
result?  Heat  will  be  lost,  as  cold  air  will  enter 
the  fire-box  and  cool  the  gases  below  the  point 
of  ignition. 

Why  is  it  necessary  to  keep  a  "heavier,"  or 
deeper  fire  on  one  engine  than  another?  Largely 
because  of  the  influence  of  the  draught  appliances 
upon  the  fire. 

What  is  the  best  way  to  fire  a  locomotive  ? 
The  fuel  should  be  applied  frequently  and  in 
small  quantities.  It  should  be  distributed  evenly 
over  the  fire.  The  coal  should  be  broken  into 
pieces  about  the  size  of  an  apple. 

How  can  too  much  air  be  admitted  i  By  open- 
ing both  dampers  when  the  engine  is  working 
lightly  and  there  is  only  a  light  thin  fire.  Air 
admitted  above  the  amount  required  for  com- 
bustion cools  the  gases  below  the  igniting 
point. 

What  constitutes  perfect  firing?  Providing 
fuel  and  air  in  exactly  proper  proportions. 

How  can  this  end  be  most  nearly  attained  ? 
By  observing  attentively  the  results  of  different 
methods  of  firing  and  being  governed  by  that 
which  is  best. 

In  the  case  of  an  engine  working  hard  and 
using  bituminous  coal,  is  it  possible  to  admit 
too  much  air  through  the  fire  (  No,  not  if  the 
fire  is  sufficient  to  consume  the  gases. 
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Does  the  draught  from  an  open  cab  window  or 
otherwise,  affect  the  working  of  lubricators  (224  )  i 
Yes,  the  cold  air  chills  the  oil  and  thereby  retards 
its  flow — causes  it  to  "feed"  irregularly. 

What  else  would  cause  irregularity  i  Dirt  in 
the  lubricator  (18).  If  thechoke  plugs  were  too 
large,  such  a  result  would  follow.* 

If  a  lubricator  feeds  faster  when  the  engiue 
throttle  is  closed  than  when  it  is  open,  what  is 
the  troubled  The  choke  plugs  are  too  large. 
(See  detail  cuts  and  explanation  of  lubricators. 
Appendix  C  of  this  volume.) 

Will  bad  results  be  caused  by  filling  a  lubrica- 
tor full  of  cold  oil '  Yes,  when  the  oil  becomes 
heated,  it  will  expand.  It  may  thus  cause  the 
lubricator  to  burst  or  bulge. 

How  can  you  clean  the  sight  feeds  when  they 
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Should  oil  be  used  as  fast  for  a  speed  of  fifteen 
miles  per  hour  as  for  a  speed  of  thirty  miles  per 
hour?     No. 

Explain  how  to  modify  the  friction  of  oil.  By 
making  the  oil  thin  by  adding  kerosene,  or  other 
light  oil,  rather  than  by  heating  it.  If  it  is 
heated,  the  cold  surface  congeals  it,  making  it  a 
poor  lubricant  and  occasioning  internal  friction. 

Please  describe  any  new  signals  introduced 
since  your  last  examination. 

How  many  changes  have  been  made  in  the  old 
signals? 

What  tools  should  a  locomotive  be  supplied 
with  ?  Those  that  the  company's  rules  and  regu- 
lations require.* 

Besides  the  ordinary  tools,  what  should  be 
carried  for  use  in  case  of  break-downs  on  the  road  ? 
A  valve-stem  clamp,  blocking  for  the  crosshead, 
two  hardwood  wedges  (as  shown  in  Fig.  9),  a  few 
pieces  of  pine  board,  a  small  coil  of  wire  or  strong 
cord,  and  a  miscellaneous  assortment  of  bolts 

♦These  rules  and  regulations  are  not,  of  course,  uniform  on 
different  roads.  Indeed,  some  roads  do  not  specify  what  they 
should  embrace.  However,  generally  speaking,  the  list  may 
be  said  to  include  the  following  items:  Axe,  pinch  bar,  flue 
plugging  b&r,  small  steel  bar,  blocking,  bolts  and  nuts,  broom, 
tallow  bucket,  water  bucket,  one  gallon  oil-can,  one  quart  oil- 
can, squirt  can,  engine  chain,  cape  chisels,  cold  chisels,  clinker 
bar,  clinker  hook,  coal  pick,  cushions,  dipper,  green  flags,  red 
flags,  white  flags,  frogs,  machinist  hammer,  soft  hammer,  ash 
hoe,  9-inch  jack,  24-inch  jack,  jack  levers,  blizzard  lamps,  white 
lanterns,  packing  hook,  packing  iron,  flue  plugs,  front-end 
poker,  saw,  scoop  shovel,  tallow  pot,  torch,  torpedoes,  12-inch 
monkey  wrench,  15-inch  monkey  wrench,  eccentric  set  screw, 
oil  cups,  steam  chest  nut  wrench,  air-pump  spanner,  large  in- 
jector spanner. 
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and  nuts.     Many  times  considerable  delay  will 
be  avoided  if  these  tools  are  readily  at  hand. 

What  should  the  engineer  do  before  attaching 
his  engine  to  a  train?  He  should  comply  with 
any  regulations  there  may  be  in  regard  to  regis- 
tering; examine  the  shop  book  to  ascertain 
whether  or  no  the  repairs  have  been  made  that 
have  been  ordered;  look  over  the  engine  carefully 
and  remedy  any  defects  there  may  be;  try  the 
gauge  cocks  (219)  and  both  injectors  (179),  and 
see  that  the  engine  ia  supplied  with  the  tools, 
supplies  and  blocking  it  requires.  He  should  also 
ascertain  whether  the  fireman  has  attended  to  his 
duties  or  not. 
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(195)  should  be  opened  slowly  and  carefully  in 
order  to  start  the  train  without  a  jerk.  This  les- 
sens possible  injury  to  draw  bars,  and  in  the  case 
of  passengers  and  freight  minimizes  the  annoy- 
ance and  danger. 

Is  the  engineer  required  to  see  that  his  entire 
train  is  attached  ?    Yes. 

Should  the  bell  (132)  be  rung  before  starting? 
Yes,  always. 

In  what  manner  should  water  be  supplied  to 
the  boiler?  Continuously,  except  when  starting 
the  train.  The  quantity  should  be  regulated 
according  to  the  work  the  engine  has  .to  do. 

After  the  engine  is  started,  what  particular 
thing  will  especially  facilitate  its  economical 
working?  The  use  of  a  full  or  wide  open  throt- 
tle (195),  except  when  the  engine  can  do  the 
work  with  less  than  a  six-inch  cut-off;  also,  by 
regulating  the  speed  by  means  of  the  reverse 
lever  (217). 

When  an  engine  is  to  be  taken  over  the  road 
without  a  train,  what  should  be  done  before 
starting?  If  the  rules  permit  an  engine  passing 
over  the  road  without  a  conductor,  it  would  be 
necessary  to  make  such  entries  as  the  rules  re* 
quire  in  the  train  register;  also  secure  running 
orders;  also  see  that  the  engine  is  supplied  with 
necessary  lanterns,  flags,  torpedoes,  etc. 

If  the  engine  should  break  down  between  sta- 
tions, what  should  be  done  ?  The  line  should  be 
protected  at  once  by  the  use  of  the  danger  signals 
prescribed  by  the  company.  Afterward  the 
engineer  should  investigate  as  to  the  extent  of 
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the  damage  and  repair  same  if  possible,  so  that 
he  might  at  least  go  forward  to  the  nearest 
siding,  from  whence  he  would  report  the  matter 
to  the  proper  official. 

What  is  meant  by  the  "total  wheel  base"  of  a 
locomotive  ?  The  distance  from  the  center  of  the 
front  to  the  center  of  the  back  wheel. 

What  is  meant  by  "rigid  wheel-base?"  The 
distance  between  the  centers  of  the  front  and 
back  driving  wheels. 

Why  is  the  top  rail  of  the  frame  not  made 
straight?  (See  Plate  I.  and  cuts  on  pages  62 
and  114  of  Haif-waif  Equipment,  Vol.  I.;  also 
Figs.  22  and  23.)  To  give  slope  to  shallow  fire- 
boxes, so  that  the  Hues  will  be  further  above  the 
grate. 

Why  are  the  piston  rods  frequently  extended 
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ENGINEERS. 

THIRD    EXAMINATION   OF    FIREMEN. 

Note. — The  questions  propounded,  and  the  answers  thereto, 
that  constitute  the  third  examination  are  given  below.  It  will 
be  remembered  that  this  is  the  final  examination  and  the  fitness 
shown  by  the  applicant,  together  with  the  general  character  he 
has  established,  determine  whether  he  will  be  thought  com- 
petent to  be  promoted  to  the  position  of  engineer  or  not.  It 
will  be  observed  that  this  examination  is  much  more  elaborate 
than  those  that  have  preceded  it.  However,  study  and  experi- 
ence will  enable  the  applicant  to  pass  it  without  difficulty.  A 
perusal  of  the  questions  and  the  responses  thereto  strengthens 
the  suggestions  previously  made  that  many  engineers  who  have 
never  been  critically  examined  in  regard  to  the  construction, 
maintenance  and  working  of  the  locomotive  will  greatly 
strengthen  their  position  by  familiarizing  themselves  with  the 
points  this  and  the  other  examinations  bring  out.  It  will  be 
noticed  that  the  duties  indicated  are  such  as  belong  to  the  en- 
gineer to  perform  or  that  he  is  responsible  for.  I  also  wish, 
in  this  connection,  to  again  call  particular  attention  to  the 
accompanying  diagram  ot  the  locomotive;  also  to  the  descrip- 
tion of  the  locomotive  embraced  in  the  companion  volume 
to  this  on  Railway  Equipment.  The  description  in  ques- 
tion is  accompanied  by  forty-four  engravings  prepared  espe- 
cially for  this  work,  and  representing  the  main  features  of 
the  machine,  namely:  Longitudinal  section  of  boiler;  front 
view  of  locomotive;  rear  view  of  locomotive;  sectional  views 
of  locomotive  through  the  exhaust  chamber  and  the  live 
steam  chamber;  side  view  of  American  bogie  (or  pony)  truck, 
supporting  forward  end  of  locomotive:  sectional  views  of 
locomotive  through  the  forward  driver  and  the  tire-box;  side 
view  of  American  locomotive  truck,  supporting  forward  end  of 
locomotive;  evolution  of  the  coal  burner  smokestack;  side  view 
of  injector;  section  of  injector;  force  pump;  check  valve  for  pre- 
venting water  returning;  section  of  boiler  fuse  plug;  section  of 
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safety  valve;  interior  of  steam  gauge;  exterior  of  steam  gauge; 
section  allowing  action  of  steam  Id  single-expansion  cylinder; 
end  view  of  cylinder;  two  and  four  bar  crosa  beads;  section  of 
indicator;  side  view  of  eccentrics,  straps  and  reversing  gear: 
end  view  of  reversing  gear;  engineer's  lever  in  connection  with 
reversing  gear;  section  showing  action  of  steam  in  compound 
cylinder;  front  view  of  compound  cylinder;  section  of  starting 
valve  and  relief  cock,  compound  cylinder;  application  of  start- 
ing valve  and  relief  cock,  compound  cylinder;  section  showing 
grate  and  damper;  longitudinal  section  of  locomotive  boiler 
tilled  with  water;  part  section  of  boiler,  showing  blower;  section 
showing  spark  arrester;  section  showing  fire-box  and  tank 
arrangement  for  the  use  of  oil  aa  fuel;  fuel  oil  burner;  side  view 
of  tender  with  water  scoop  dropped;  section  of  tender  show- 
ing water  scoop  in  track  tank;  front  view  of  tender  with  scoop 
in  track  tank;  rear  view  of  tender;  equalizer,  side  view;  sand 
pipe  of  locomotive,  supplemented  by  steam  or  air  blast;  steam 
whistle:  cylinder  relief  cocks;  side  view  of  locomotive;  eight 
wheel  passenger  locomotive;  chart  of  standard  American  loco- 
Notwithstanding  the  exceptionally  large  number  of  engrav- 
ings in  the  volume  Railway  Equipment,  I  have  had  many  orig- 
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tained  water,  I  should  look  for  the  stoppage  in 
the  hose  (237)  or  strainer.  If  I  found  them  all 
right,  I  should  conclude  there  was  something  the 
matter  with  the  injector  (179)  and  act  accord- 
ingly. 

What  should  be  done  in  regard  to  the  water 
level  meanwhile?  It  should  be  watched,  and  the 
fire-box  door  opened  so  as  to  prevent  the  engine 
blowing  off.  If  the  water  should  get  low,  I  would 
bank  the  fire. 

To  what  cause,  as  a  rule,  is  the  failure  of  the 
left-hand  injector  to  be  attributed  ?    Non-use. 

What  should  be  done  to  obviate  this  ?  Both 
injectors  should  be  used  daily. 

In  what  way  can  both  injectors  be  kept  in  good 
order?  By  their  alternate  use,  say,  one  used  on 
the  out-trip  and  the  other  on  the  return  trip,  or 
by  using  one  at  terminals  and  the  other  while 
running. 

What  is  the  difference  between  "priming"  and 
"foaming"  of  a  boiler?  Priming  is  caused  by 
contracted  steam  space  or  the  boiler  being  too 
full  of  water.  Foaming  is  caused  by  foreign  sub- 
stances, such  as  oil,  soap,  etc.,  getting  into  the 
water. 

What  would  you  do  in  the  case  of  foaming?  I 
would  shut  off  the  throttle  and  injectors  and  as- 
certain the  true  level  of  the  water,  by  allowing 
it  to  settle;  then  I  would  open  the  fire  door  so 
that  the  engine  would  not  blow  off.  If  the  water 
should  drop  too  low,  I  would  open  the  throttle 
and  apply  the  injectors.  If  there  was  a  surface 
cock,  I  would  open  it,  if  there  was  none  I  would 
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handle  the  engine  carefully  until  reaching  a  point 
where  the  boiler  could  be  washed  out. 

What  would  you  do  if  you  discovered  that  the 
water  in  the  taDk  contained  oil?  I  would  pro- 
ceed as  in  the  case  of  foaming,  until  I  reached  a 
water  station,  when  I  would  flush  the  tank,  using 
the  heaters  in  the  tank  to  bring  the  oil  to  the 
surface.  * 


OF  THE  LOCOMOTIVE  ENGINEER.  65 

glass,  etc.  ?  They  should  be  looked  after  to  see 
that  they  are  in  good  working  order  and  are  not 
clogged  or  filled  up. 

What  should  you  do  if  a  wash-out  plug  (104) 
was  blown  out,  or  a  blow-off  cock  could  not  be 
closed  or  was  broken  off  ?  I  should  dump  the 
fire,  plug  up  the  hole  and  re-fill  the  boiler.  If  I 
found  it  impossible  to  plug  up  the  hole,  I  should 
send  for  assistance  to  take  the  engine  to  a  place 
where  it  could  be  repaired.* 

If  the  check  valves  (Fig.  9A)  remain  open 
after  the  injector  stops  working,  how  would  you 
proceed  to  close  them  ?  I  would  tap  the  valves 
gently  on  the  top  or  bottom  of  the  valve  case, 
preferably  with  a  piece  of  wood,  being  careful  not 
to  hit  the  sides  of  the  valve  if  it  is  made  of  brass. 

If  you  could  not  re-fill  the  boiler,  what  would 
you  do?  I  would  disconnect  the  engine  and 
arrange  to  have  it  hauled  to  some  place  where  it 
could  be  repaired. 

What  parts  would  it  be  proper  to  disconnect  ? 
It  would  be  proper  to  disconnect  the  valve  stems 
(49)  and  take  down  the  main  rods  (92). 

How  can  a  disconnected  tank  valve  be  opened 
without  stopping  the  engine?  By  closing  the 
water  valve  (185)  and  injector  overflow  (180) 
and  blowing  steam  through  pipe  (236)  and  hose 
(237)suddenly.f 

♦Blow-off  cocks  are  located  in  parts  of  the  boiler  where  mud 
or  other  iucrostating  matter  is  liable  to  settle.  By  their  means 
such  sediment  is  ejected  from  the  boiler. 

fThis  will  generally  blow  the  tank  valve  out  of  its  seat, 
but  steam  should  be  shut  off  quickly  to  prevent  bursting  the 
hose  (337). 
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What  would  you  do  if  you  stopped  the  engine 
working  and  the  water  in  water  glass  dropped 
out  of  sight?  I  would  open  the  throttle  so  as  to 
raise  the  water  above  the  crown  sheet,  deaden 
the  fire  if  necessary,  and  immediately  set  both 
injectors  to  work. 

What  should  be  done  in  the  case  of  a  discon- 
nected throttle  ?*  If  the  throttle  becomes  discon- 
nected and  remains  open,  the  steam  pressure 
should  be  reduced  so  that  the  engine  can  be  han- 
dled with  the  reverse  lever  (217).  The  trainmen 
should  be  notified  of  the  mishap  and  a  report 
made  of  it  at  the  first  telegraph  office.  If  the 
throttle  becomes  disconnected  and  remains  closed 
the  engine  should  be  towed  in.  Disconnect  valve 
rods,  pushing  the  valves  forward,  uncovering  the 
back  ports  to  allow  oil  to  enter  cylinders  from 
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and  the  engine  should  be  provided  with  tools 
suitable  for  that  purpose. 

What  should  be  done  if  the  whistle  (202)  or  one 
of  the  safety  valves  (  201 )  blows  out  ?  They  should 
be  plugged  with  soft  wood,  tied  or  otherwise 
secured. 

What  would  you  do  if  the  engine  was  stalled 
in  the  snow  and  the  water  in  the  tank  was  low  ? 
I  would  shovel  snow  into  the  tank  and  melt  it 
with  the  heaters.* 


W& 


How  low  would  you  allow  the  water  in  the 
tank  to  get  before  shoveling  in  the  snow  ?  Not 
lower  than  one  foot. 

Can  the  boiler  be  filled  with  water  through 
the  injectors  by  towing  the  engine  with  another 
locomotive  ?    Yes. 

How  is  this  done  ?  Close  all  openings  from  the 
boiler  except  those  from  the  tender,  open  the 
engine  throttle  and  both  injectors,  leaving  the 

•The  term  "heater, *'  as  usually  applied  to  a  locomotive,  sig- 
nifies the  supplying  of  steam  to  the  tauk  through  the  feed  pipe 
(386)  and  hose  (287)  from  the  injector  (179)  after  closing  the 
neater  valve,  as  shown  in  the  supply 'pipe  (119)  above  the 
overflow  (180). 
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reverse  lever  in  the  ordinary  position  for  that 
direction  in  which  the  engine  is  heing  towed. 
The  pistons  will  form  a  partial  vacuum  in  the 
boiler,  and  water  from  the  tender  will  be  drawn 
in.  It  is  evident  that  any  air  suction  valves 
(Fig.  8)  on  the  steam  chest  must  also  be  closed 
in  some  way. 

If  the  throttle  was  closed  and  steam  still  came 
out  of  the  cylinder  cocks  (68)  what  would  you 
do '(  I  would  see  if  the  oil  pipes  ( 123)  from  the 
lubricator  ( 224  )  were  closed,  If  they  were,  then 
I  should  report  that  the  throttle  (11*5)  leaked. 

How  can  you  distinguish  a  leaky  throttle  (195) 
from  a  leaky  dry  pipe  ( 1 91 )  ?  If  the  water  in  the 
boiler  is  high  enough  to  submerge  the  dry  pipe, 
steam  issuing  from  the  cylinder  cocks  (68)  would 
indicate    a  leaky    throttle.      Water    and   stean 
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How  are  the  steam  chests  and  covers  usually 
ruptured  ?  By  reversing  the  engine  at  high  speed 
without  opening  the  throttle. 

With  a  totally  demolished  steam  chest  and 
cylinder  on  one  side,  what  would  you  do?  I 
would  put  out  the  fire,  disconnect  both  sides  of 
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the  engine  and  ask  to  have  it  hauled  to  the  shop. 
Repairs  might  be  made  by  putting  a  solid  gasket 
in  the  steam  pipe,  but  as  a  rule  this  is  not 
practicable. 

What  can  he  done  if  the  lifting  shaft  (119), 
reverse  lever  (217)  or  reach  rod  (118)  break? 
The  links  (105)  can  be  blocked  up  to  the  point 
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at  which  the  engine  should  cut  off,  as  illustrated 
in  Fig.  12.  It  must  be  remembered,  however,  that 
it  is  impossible  to  reverse  until  the  block  is 
changed. 

If  the  piston  (60  and  61),  crosshead  (96), 
connecting  rod  (92)  or  crank  pin  were  bent  or 
broken,  what  would  you  do  ?  I  would  disconnect 
the  engine.  If  the  crank  pin  was  bent  or  broken, 
I  would  take  clown  both  side  rods. 

AVhat  should  be  done  with  a  hot  piston  rod 
(60)?  It  should  be  cooled  off  with  oil,  the  engine 
being  kept  moving  slowly  meanwhile.  Water 
should  not  be  used  in  cooling  a  piston  rod. 

If  a  piston  rod  (60)  should  break  and  knock  out 
the  forward  cylinder  head  (64),  how  would  you 
disconnect "(  I  would  disconnect  the  valve  stem 
(49)  at  the  connection  (51)  and  cover  the  ports 
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in  full  backward  motion,  and  observing  if  the 
steam  is  admitted  at  each  end  of  the  cylinder 
just  before  the  crank  pin  reaches  the  dead  points. 
The  effect  of  a  slipped  eccentric  on  the  valve  is 
either  to  increase  or  diminish  the  lead.  If  the 
eccentric  has  slipped  toward  the  crank  pin,  the 
lead  will  be  increased  and  steam  will  be  admitted 
to  the  cylinder  sometime  before  the  piston 
reaches  the  end  of  its  stroke.  If  it  has  slipped 
away  from  the  crank  pin,  the  lead  will  be  dimin- 
ished, or  taken  away  entirely,  and  steam  will  not 
be  admitted  until  after  the  piston  has  reached 
the  end  of  its  stroke.*  The  admission  of  steam 
is  indicated  by  its  escape  from  the  cylinder  cocks, 
which. must  be  left  open. 

Having  determined  which  eccentric  has  slipped, 
how    would   you  proceed    to  reset  it?     I  would 
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What  is  the  position  of  the  eccentric  when  the 
crank  pin  is  on  the  forward  center?  With  the 
standard  type  of  rocker  arm  (/*),  which  gives  in- 
direct valve  motion,  the  forward  motion,  (go- 
ahead)  eccentric  always  follows,  and  the  back-up 
eccentric  always  leads  the  crank  pin  at  right 
angles,  less  the  amount  of  lap  and  lead,  when  the 
'  engine  is  moving  forward,  see  Skeleton  Fig.  15. 
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In  the  event  of  a  valve  (47),  valve  yoke  (48), 
or  stem  (49),  becoming  broken  inside  of  a  steam 
chest  (44),  how  can  the  breakage  be  located?  To 
test  one  side,  place  the  piston  at  half-stroke  and 
admit  a  little  steam  to  the  cylinders,  then  move 
the  reverse  lever  (217),  from  full  forward  to  full 
backward  gear.  If  the  steam  escapes  alternately 
from  both  cylinder  cocks  (68)  it  may  be  concluded 
that  the  defect  is  in  the  opposite  steaui  chest. 

Having  located  the  defect,  how  would  you  put 
the  engine  in  safe  running  order?  By  taking  off 
the  steam  chest  cover  (43),  and  blocking  or  fasten- 
ing the  valve  (47)  centrally  as  shown  ia  Fig.  1G, 
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or  by  plugging  the  ports  (56)  with  soft  wood 
boards  if  the  valve  was  broken.  The  defective 
side  should  then  be  disconnected  and  the  cross- 
head  (96)  securely  blocked. 

If  the  valve  seat  (52)  is  broken,  what  should  be 
done?  Take  off  the  steam  chest  cover,  cover 
both  steam  ports  (56)  as  shown  in  Fig.  16  and 
disconnect  the  engine.*  In  some  cases  the  false 
valve  seat  may  be  removed. 

Is  it  necessary  when  disconnecting  to  block  the 
crosshead  (96)  i  Yes.  It  is  the  safest  thing  to 
do  in  case  the  ports  (56)  become  uncovered. 

How  and  in  what  position  is  it  best  to  blocktbe 
crosshead  *■  Put  the  crosshead  at  one  end  of  the 
stroke  and  place  a  block  between  it  and  the  guide 
blocks,  securing  the  blocks  by  strong  cord  or  wire, 
to  prevent  their  falling  out,  as  shown  in  Fig.  17. 
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the  side  that  is  working  will  not  stand  on  center? 
Shortly  before  coming  to  a  stand,  release  the 
brakes,  reverse  the  engine  and  open  the  throttle 
slightly. 

Why  will  tbis  prevent  the  engine  from  stopping  on  center? 
The  final  power  for  stopping  comes  from  the  back  pressure 
against  the  piston  and  this  acts  against  the  rotation  of  the  driv- 
ing wheels  only  when  the  engine  is  off  the  center. 

How  can  you  distinguish  between  a  valve  blow  (47)  and  a 
cylinder  piston  packing  blow  (63)?  A  valve  blow  is  generally 
continuous  and  a  cylinder  piston  packing  blow  intermittent. 
Hit  arises  from  cylinder  pocking  it  will  blow  the  strongest  at 
the  commencement  of  the  piston  stroke.* 

Do  you  fully  understand  the  difference  between  piston  rod 
packing  (50)  and  cylinder  packing  (62)P  The  piston  packing 
rings  (62)  ure  termed  "cylinder  packing, "  to  avoid  confounding 
them  with  the  piston  rod  packing  (59). 

What  should  be  done  in  the  case  of  a  broken  eccentric  strap 
or  blade  (160  and  102)f  Take  down  both  eccentric  straps  and 
blades  on  the  side  where  the  break  was  located,  and  disconnect 
that  side  of  the  engine. 

Wld  you  disconnect  ita  lower  rookerarm  (116) bees 
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off  the  center.     Then  remove  the  cylinder  cock 
and  proceed  as  before. 

What  can  be  done  in  case  a  link  saddle  pin 
(107)  breaks?  The  hanger  (111)  can  he  taken 
down  and  the  top  of  the  link  (105)  blocked  up 
with  a  piece  of  wood  to  the  point  at  which  you 
wish  to  cut  off. 

Ha.  17. 


If  the  link  hanger  (111)  or  lifting  arm  (112) 
should  break,  what  would  you  do?  1  would  do 
the  same  as  in  the  case  of  a  broken  saddle  pin. 

Would  you  reverse  the  engine  under  these  con- 
ditions %    No. 

If  you  should  lose  a  rod  key,  what  would  you 
do?  If  it  was  a  main  rod  key,  I  would  substitute 
a  side  rod  key,  if  the  engine  had  one,  and  put  a 
wooden  key  in  its  place. 

How  would  you  disconnect  in  the  raso  of  a 
broken  crosshead  (96 )  <  The  same  as  for  a  broken 
cylinder  head.  I  would  disconnect  the  engine  on 
the  side  on  which  the  break  was  located. 
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If  the  engines  have  six  or  more  connected  driv- 
ing wheels,  what  side  rods  should  he  taken  off,  if 
opposite  ones  are  broken?  If  the  knuckle  is  back 
of  the  pin,  as  in  Fig.  18,  and  the  back  section  is 
broken,  the  corresponding  side  rods  on  the  oppo- 
site side  should  be  taken  off.  If  the  forward  sec- 
tion is  broken,  all  side  rods  should  be  taken  off. 

How  would  you  disconnect  if  you  broke  amain  crank  piu 
cIosb  to  the  wheel?  I  would  take  oS  all  side  rods  (153)*  and 
disconnect  ennirn\  and  fasten  the  erosshead  (96)  and  valve  (47) 
(with  steam  ports  (56)  covered)  on  the  broken  side. 


Fig.  18. 
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four-wheel  truck.  A  consolidation  engine  has 
eight  or  more  drivers,  connected,  and  a  "pony"  or 
two-wheel  truck. 

If  one  of  the  forward  tires  (137)  of  a  ten- wheel 
engine  should  break,  what  would  you  do?  I 
would  run  the  wheel  with  broken  tire  up  on 
wedges  (see  Fig.  9)  placed  on  the  track,  so  as  to 
raise  the  tire  above  the  rail  and  insert  in  place 
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of  the  cellar  a  block  thick  enough  to  hold  the  tire 
off  the  rail,  as  shown  in  Fig.  19.  Then,  if  the 
rods  were  not  sprung,  I  would  go  ahead  with  the 
train. 

What  would  you  do  in  the  case  of  the  tire  on  a 
rear  driving  wheel  breaking?  I  would  proceed 
as  in  the  case  of  a  broken  front  tire,  running  very 
carefully,  especially  around  curves. 

What  would  you  do  in  the  case  of  a  broken 
main  driving  wheel  tire  (137)?     I  would  block  up 
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the  wheel  to  the  thickness  of  the  tire,  loosen  the 
side  rod  keys  and  proceed  carefully  without  the 
train. 

How  would  you  proceed  to  run  a  mogul  engine 
with  the  back  tire  off?  I  would  remove  the  cel- 
lar and  insert  a  block  between  the  pedestal  and 
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What  would  yon  do  under  similar  circum- 
stances with  an  eight-wheel  standard  engine '. 
I  would  endeavor  to  run  the  engine  to  the  shops, 
by  placing  wedges  between  the  tank  and  engine, 
thereby  blocking  up  the  engine  so  that  the 
weight  will  be  against  the  tiange  of  the  good 
wheel. 

How  fast  would  you  run  in  that  condition  '■ 
Not  exceeding  five  or  six  miles  per  hour,  and 
very  slowly  on  curves  and  switches. 


rt9.aj. 


If  the  back  tire  of  an  engine  were  off,  how 
could  you  fix  the  engine  so  as  to  safely  back 
around  curves,  if  necessity  required  '■  With 
standard  (eight-wheel)  engines,  by  blocking  an 
for  broken  rear  tire  on  a  mogul;  that  is,  relieve 
all  possible  weight  from  rear  drivers.  Witli  a 
mogul,  yon  would  have  to  block  with  soft  wood 
between  engine  and  tender  on  the  inside  of  the 
curve. 
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In  ease  the  axle  of  a  driving  wheel  should 
break,  how  should  the  axle  be  blocked  up  and 
part  of  the  weight  relieved  from  that  box?  Hard- 
wood blocks  should  be  used  to  block  the  axle  up 
level;  blocking  under  the  spring  saddle  will  take 
part  of  the  weight  from  the  box,  as  shown  in 
Fig.  20. 

What  would  you  do  in  the  case  of  a  totally 
demolished  tank  truck?  I  would  go  to  the  near- 
est siding  and  send  for  help.  In  case  of  necessity 
I  would  substitute  a  car  truck. 

What  should  be  done  if  an  engine  truck  wheel 
(  71 )  or  axle  <  73  )  breaks?  Remove  the  broken 
wheel  or  axle  and  chain  the  truck  frame  to  the 
engine  frame,  as  shown  in  Fig.  21. 

How  should  a  broken  tank  truck,  wheel  or  axle 
be  treated?     By  removing  the  broken  wheel  and 
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through  the  equalizers  and  springs  to  the  spring 
saddles  resting  directly  upon  the  driving  boxes.* 

How  is  the  weight  carried  when  an  engine  is 
blocked  up  on  top  of  the  boxes?  On  perfectly 
smooth  track  there  would  belittle  difference,  but 
on  rough  track  there  would  be  times  when  the 
whole  weight  of  one  side  would  come  upon  the 
box  that  is  rigidly  Mocked. 

What  makes  the  best  blocking  for  use  between 
the  driving  boxes  and  the  frame?  Good  hard- 
wood, because  of  its  greater  elasticity  than  metal 
and  it  also  remains  in  place  better. 

What  should  be  done  if  a  driver  spring  (141), 
spring  hanger  (142)  or  equalizer  (143)  breaks? 
With  heavy  engines  such  as  those  in  use,  en- 
gineers are  not  expected  to  jack  up  the  engine. 
Km'Ii  if  tin-  f-iiu'iin'  is  small,  the   quickest    wav  ' 
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will  save  raising  the  wheel  that  much  higher  and 
will  permit  the  use  of  a  smaller  wedge.  Then  a 
wedge  should  be  placed  on  the  rail  and  the  back 
wheel  run  up  on  it.  This  will  take  the  weight 
off  the  forward  box.  I  would  then  block  solid 
with  wood  between  the  top  of  the  forward  box 
and  the  frame  and  remove  the  spring  saddle,  if 
necessary,  as  in  Fig.  25;  then  let  the  engine 
down,  remove  the  fish-plate  from  the  back  box 
and  run  the  forward  wheel  up  on  to  the  wedge, 
which  will  take  the  weight  off  the  back  box  and 


relieve  the  equalizers  ( 1 43).  I  would  then  pry  up 
the  front  end  of  the  equalizer  and  block  it  solid,  as 
in  Fig.  25,  and  let  the  engine  down  and  remove  all 
loose  parts.  If  the  back  spring  or  hanger  is  broken, 
the  reverse  should  be  done.  If  it  is  a  mogul  or 
ten-wheel  engine,  I  would  run  the  forward  wheel 
up  on  the  wedge  in  order  to  raise  the  weight  off 
the  main  wheel,  or  run  the  main  wheel  up  in 
order  to  raise  the  weight  off  the  forward  wheel. 
If  it  is  a  mogul  engine,  and  a  forward  spring 
or  hanger  breaks,  it  may  be  necessary  to  re- 
move both  forward  springs  and  block  on  top 
of   both   forward    boxes;   but    if   it    is    only   a 
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hanger  that  is  broken,  a  chain  may  replace  it, 
as  in  Fig.  26.  When  both  forward  driving  boxes 
are  blocked,  the  intermediate  equalizer  to  the 
truck  should  also  be  blocked.  When  the 
springs  and  hangers  are  below  the  frame,  I 
would  proceed  in  the  same  manner,  and  then 
block  or  chain  up  the  equalizer  (143)  until  level 
and  remove  or  secure  the  broken  springs  or  hang- 
ers.    When  the  spring  hangers  (142)  straddle 
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breaks,  it  may  be  necessary  to  remove  one  of  the 
small  equalizers  which  ride  the  box.  If  it  is  neces- 
sary to  do  so,  I  would  block  on  top  of  the  box. 
If  it  is  not  necessary  to  do  so,  and  the  spring 
hanger  cannot  be  held  in  any  other  way,  I  would 
chain  the  back  end  of  the  small  equalizers  to 
the  frame;  otherwise  I  would  let  the  frame  ride 
the  box  and  run  the  engine  very  slowly.  With 
equalizers  broken,  I  would  raise  the  engine  the 
same  as  in  the  case  of  a  broken  spring  or  hanger 
if  it  is  possible  to  do  so.   If  an  equalizer  or  a  stand- 


Fig.  26*" 

Side  View  of  American  Bogle  (or  Pony)  Truck,  supporting 


ard  cn  an  eight-wheeled  engine  breaks,  I  would 
block  on  top  of  one  box  and  block  up  the  loose  end 
of  the  equalizer  the  same  as  for  a  broken  spring  or 
hanger,  if  possible;  if  not,  I  would  block  on  top  of 
the  driving  boxes.  If  the  forward  equalizer  on  a 
ten-wheeled  engine  breaks,  I  would  block  on  top 
of  the  forward  and  main  boxes  and  block  up  the 
forward  end  of  the  back  equalizer. 

What  should  be  done  if  the  pony  truck  center 
pin  or  long  equalizer  of  a  mogul  engine  is  broken! 
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If  it  is  the  cross  equalizer  on  a  mogul,  block  on 
top  of  both  forward  boxes  and  block  on  top  of  the 
back  end  of  the  long  intermediate  equalizer  that 
goes  to  the  truck;  if  it  is  an  intermediate  equal- 
izer, block  between  the  boiler  and  cross  equalizer; 
if  it  is  the  cross  equalizer  on  a  four-wheeled  pony, 
block  on  top  of  both  forward  boxes.  If  the  equal- 
izer is  below  or  between  the  frames,  it  might  be 
possible  to  block  between  the  hangers  and  the 
frames.  If  it  is  a  small  equalizer  that  rides  the 
back  box,  block  on  top  of  the  back  box  and  chain 
up  the  back  end  of  the  bottom  equalizer.  If  it 
is  the  truck  equalizer,  block  on  top  of  the  truck 
boxes  between  the  box  and  the  truck  frame.  All 
loose  parts  should  be  removed  or  secured.  If  a 
pony  truck  center  pin  breaks,  replace  it,  or  block 
between  the  cross  equalizer  and  the  boiler. 
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getting  into  the  front  end  and  causing  the  cin- 
ders to  ignite;  thus  cracking  or  otherwise  injuring 
the  front  end  of  the  engine  and  weakening  the 
draught. 

If  the  grates  (165)  were  burnt  out  or  broken, 
while  on  the  road,  how  would  you  manage?  I 
would  block  them  with  brick,  wood,  the  water 
pail,  or  other  available  substance,  if  they  were  not 
too  badly  burnt  or  broken. 

Which  is  generally  considered  to  be  the  better 
direction  to  move  a  derailed  engine  in  order  to  get 
it  back  on  the  track  ?  Retracing  the  path  it  took 
in  leaving  the  rails. 

What  precautions  should  be  taken  to  prevent 
the  engine  from  emitting  live  sparks  from  the 
smokestack  ?  Care  should  be  taken  to  see  that 
the  netting  (26)  is  in  good  condition,  and  that 
the  ash-pan  and  its  protecting  screens  are  also  in 
good  condition.  If  an  engine  throws  fire,  it 
should  be  worked  as  light  as  possible  and  slipping 
the  driving  wheels  avoided.  The  matter  should 
be  reported  to  headquarters  at  once. 

After  the  train  has  started,  why  should  the 
reverse  lever  (217)  be  hooked  towards  the  center 
of  the  quadrant  (220)  ?  To  cut  off  the  supply  of 
steam  from  the  boiler  to  the  cylinders  at  a  shorter 
point  of  the  piston  stroke. 

What  is  meant  by  working  steam  expansively  ? 
Allowing  the  steam  that  is  in  the  cylinder  (57) 
when  the  supply  is  cut  off  to  perform  the  remain- 
der of  the  stroke  by  its  expansion.  Saving  of 
fuel  is  thus  effected. 

1  vol  19 
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What  is  meant  by  the  "lead"  of  a  valve  (47)? 
The  width  of  the  opening  of  the  steam  port  (56) 
when  the  piston  is  at  the  beginning  of  its  stroke. 
When  there  is  no  "lead"  an  engine  is  called 
"blind." 

What  is  meant  by  "outside  lap"  ?  The  dis- 
tance that  the  valve  (47)  projects  over  the  outside 
edge  of  the  steam  ports  (56)  when  it  is  in  the 
center  of  the  seat.    See  Fig.  27. 
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What  effect  would  be  produced  on  the  lap  and 
lead  by  changing  the  length  of  the  eccentric 
blades  ( 161  and  163)  ?  The  total  lap  and  lead  of 
both  ends  would  be  unchanged:  what  would  be 
taken  from  one  end  would  be  added  to  the 
other. 

Why  are  the  eccentric  blades  (161  and  163) 
made  adjustable  ?  In  order  to  equalize  the  travel 
of  the  valve  (47). 

Does  lead  increase  by  "hooking  up"  the  engine, 
or  shortening  the  cut-off,  when  the  ordinary  link 
motion  is  employed  ?  Yes,  the  earlier  the  cut-off. 
the  more  lead. 

How  can  the  total  lap  of  a  valve  be  changed  ?  Only 
by  cutting  off  or  adding  to  the  edges  of  the  valve. 

How  can  lead  be  changed?  Only  by  moving  the  eccentrics 
on  the  axle. 

If  lead  can  only  be  changed  by  moving  the  eccentric  on  the 
axle,  how  does  "hooking  up"  an  engine  increase  the  lead,  as 
stated  above?  Because  nooking  up  throws  the  whole  motion 
back  around  the  eccentric,  which  acts  the  same  as  throwing  the 
eccentric  ahead  through  the  motion. 

Is  it  the  engineer's  duty  to  adjust  the  valve  motion  of  an 
engine?  No,  except  in  case  of  derangement  on  the  road;  at  all 
other  times  it  should  be  done  by  shopmen. 

What  is  a  by-pass  valve*  and  what  are  its  uses?  It  is  a  small 
valve  similar  to  the  check  valve  and  is  located  on  the  top  and  at 
each  end  of  the  steam  chest  for  the  purpose  of  relieving  excess- 
ive compression.  It  is  connected  with  the  live  steam  side  of 
valve  and  a  steam  port  leading  to  the  cylinder.  It  is  held  on  its 
seat  bj  steam  chest  pressure,  and  unseated  when  the  compres- 
sion in  cylinder  is  greater  than  steam  chest  pressure. 

How  could  you  test  for  a  broken  or  stuck  open  by-pass  valve? 
I  would  place  valve  central  on  its  seat,  open  cylinder  cocks  and 
give  engine  steam.  Steam  would  show  at  cylinder  cock  on  that 
end  on  which  by-pass  valve  is  defective. 

What  work  about  the  engine  should  the  engineer  do  before 
the  engine  is  attached  to  the  train?  See  that  the  wedges,  nuts 
and  bolts  are  tight,  tighten  the  rods  by  means  of  the  wedge 
keys,    see  that   the  journal  oil   boxes   are   well    packed,   see 


•See  volume  "Locomotive  Appliances.1*   Piston  valves. 
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•.hat  all  frier  ional  parts  of  the  engine  are  properly 
oiled  and  look  after  the  headlight. 

How  would  yon  proceed  to  tighten  the  driving 
box  wedges-  <  14S )  i  I  would  block  the  tank  wheels 
and  place  the  engine  on  upper  back  eighth  ^see 
diagram  )  on  the  side  to  be  adjusted.*  I  would 
then  pu.--h  the  lever  ahead  once  or  twice,  leave 
the  lever  forward  with  the  steam  behind  the 
pi-ton--  and  then  push  the  loose  wedge  up.  I 
would  commence  at  the  main  drivers. 

What  are  the  proper  positions  in  which  to  key 
up  the  main  rod?  The  positions  in  which  the 
wri-t  pin  is  the  largest  through  the  length  of  the 
main  rod. 

What  is  the  necessity  of  keeping  the  brasses 
keyed  up  properly?  If  they  are  uot  thus  keyed 
up,  they  will  become  loose  m  the  straps  and  pos- 
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sibly  break,  as  well  as  loosen  everything  about 
the  engine. 

How  would  you  proceed  to  key  up  the  side  rods 
(152)  on  a  mogul  and  a  consolidation  engine?  I 
would  first  see  that  the  wedges  were  properly 
adjusted,  then  pla<;e  the  engine  on  forward  cen- 
ter on  the  side  to  be  keyed,  loosen  all  the  keys 
on  that  side,  key  the  main  connection  (See  Fig. 
18)  first,  and  then  adjust  the  front  and  back  ends 
in  the  same  manner. 

Why  is  it  necessary  to  place  the  engine  on 
dead  center  while  keying  up  the  side  rods?  In 
order  to  insure  the  keying  of  the  rods  at  the 
proper  length  and  to  avoid  a  strain  in  passing  the 
dead  centers. 

Why  should  the  side  rods  of  a  six-wheel  con- 
nected engine  be  keyed  from  the  main  connec- 
tion first?  In  order  to  get  the  proper  length  of 
all  the  rods. 

Can  the  length  of  a  side  rod  of  an  engine  be 
altered  by  keying  in  any  other  position  than  on 
the  center?  Yes,  but  any  other  position  might 
throw  the  engine  out  of  tram. 

What  provision  should  be  made  in  the  rods  for 
the  uneven  movement  of  the  boxes  on  the  pedes- 
tals? The  rods  should  be  made  as  long  as  pos- 
sible, but  still  remain  free  on  the  crank  pins  dur- 
ing a  full  revolution. 

If  an  engine  pounds  when  steam  is  shut  off, 
what  does  it  indicate?  That  something  is  wrong 
— that  the  drivers  are  flat;  that  the  main  rods 
are  too  long  or  too  short,  or  that  the  follower 
bolts  (i.  e.,  bolts  for  holding  together  the  parts 


94  DUTIES  ASD  RESPONSIBILITIES 

of  the  piston  on  the  front  side  of  the  packing 
rings)  or  something  in  the  cylinder  is  loose.* 

Why  will  engines  usually  pound  worse  in  full 
gear  than  when  hooked  up?  Because  in  full  gear 
the  lead  is  the  least  and  there  is  very  little  cush- 
ioning of  the  pistons. 

What  are  most  frequent  causes  of  pound- 
ing? (1)  Broken  or  loose  driving  boxes  or  (2) 
driving  box  brasses;  (3)  loose  or  broken  main-rod 
brasses  or  (4)  side-rod  brasses;  (5)  main-rod  too 
long  or  too  short,  causing  either  the  crossheads 
or  pistons  to  strike;  (6)  worn  guides;  (7)  spider 
loose  on  the  piston-rod;  (8)  follower  bolts  loose; 
(9>  piston  rod  loose  in  the  crosshead;  (10)  flat 
spots  in  the  driving  wheel  tires. 

What  would  you  do  in  order  to  locate  a  "pound- 
ing" in  the  driving  box  { 150),  rod-brasses,  etc.  I 
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What  is  meant  by  friction?  The  resistance 
of  two  bodies  in  contact  with  each  other;  that 
which  in  any  way  opposes  the  mechanical  motion 
or  sliding  of  one  upon  the  other. 

Upon  what  does  the  amount  of  friction  depend  ? 
It  depends  upon  the  pressure  of  one  body  bearing 
upon  another,  independent  of  the  area  in  con- 
tact; the  nature  of  the  materials  brought  into 
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contact;  the  efficacy  of  the  lubricant  used;  speed 
and  temperature. 

What  is  the  effect  of  introducing  oil  or  any 
other  lubricant  between  frictional  surfaces?  The 
generation  of  heat  is  prevented,  and  the  surfaces 
between  which  there  is  friction  are  prevented 
from  coming  together,  thus  minimizing  the  fric- 
tion. 

What  rule  should  be  observed  in  regard  to 
oiling  an  engine?  All  parts  requiring  it  should 
be  oiled,  using  no  more  oil  than  is  necessary.    The 
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amount  of  work  the  engine  has  to  do,  the  tem- 
perature and  the  weather  must  to  be  taken  into 
consideration. 

How  great  a-distance  should  an  engine  run  to 
a  pint  of  engine  oil,  or  a  pint  of  valve  or  cylinder 
oil,  and  how  should  an  engine  be  oiled  to  effect 
the  greatest  economy  ?  The  best  record  made  by 
any  engine  of  a  similar  class  and  doing  similar 
service  should  be  equaled  or  excelled. 

Describe  the  manner  in  which  a  sight  feed 
lubricator  (224)  operates?  The  steam  is. con- 
densed into  water  and  flows  down  into  the 
reservoir,  as  water  is  heavier  than  oil.  The  oil 
rises  and  then  passes  through  a  tube  down  into  a 
cavity  in  the  bottom  of  the  lubricator,  and  then 
through  the  sight  feed  glasses,  which  are  filled 
with  water.     There  it  is  caught  by  a  jet  of  steam 
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steam  is  admitted  through  valve  Fto  the  steam 
pipe  it  escapes  through  the  nozzle  jV  and  the  cone 
C,  and  this  current  of  steam  produces  a  partial 
vacuum  in  the  latter  and  in  the  feed  pipe,  thus 
drawing  water  up  from  the  water  tank  into  this 
cone  C,  where  it  encounters  the  jet  of  steam 


Sit, 
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from  the  nozzle  JV,  hoth  escaping  at  -1.  But 
when  the  water  mingles  with  the  current  of  steam 
in  the  cone  C  the  steam  is  condensed,  imparts  its 
velocity  to  the  water,  and  the  jet  escaping  from 
C  consists  of  water  only.  This  at  first  overflows 
at  A,  but  after  a  few  seconds  its  velocity  has  he- 
come  so  great  that  the  momentum  of  the  water 
forces  the  check  valve  open  and  flows  into  the 
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boiler  against  the  pressure  therein.  By  closing 
the  steam  valve  V,  the  injector  ceases  to  work 
and  check  is  closed  by  the  pressure  from  within 
the  boiler.  The  actual  construction  of  an  in- 
jector is  shown  in  Hail/ray  Equipment '.Vol.  i.,  p.  78. 

Will  an  injector  sometimes  work  better  and  an 
engine  steam  more  freely  if  the  injector  throttle  ' 
is  partially  closed?     Yerf. 

Name  some  of  the  principal  things  considered 
as  an  abuse  of  the  engine?  Lack  of  proper  care; 
slipping  the  driving  wheels  when  it  can  be 
avoided;  catching  the  driving  wheels  on  sand 
while  slipping;  working  the  engine  harder  than 
is  necessary;  reversing  while  running,  when  it 
can  he  avoided,  and  supplying  the  boiler  with 
water  irregularly. 

Why  should  sand  from  both  sand  pipes  strike 
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What  is  the  principle  of  the  compound  locomo- 
tive ?  This  is  fully  explained  under  the  chapters 
on  the  Compound  Locomotive  hereinafter  con- 
tained. 

Explain  the  working  and  operation  of  each 
class  of  compound  locomotive  used  on  this  road. 
(See  chapters  in  this  volume  referred  to.) 

Should  the  fireman  conform  to  your  views  of 
what  is  best  while  on  the  engine  ?  Yes,  but  mat- 
ters should  be  talked  over  and  explanations  given 
when  necessary. 

In  case  of  accidents  on  a  busy  main  line  of  the 
road,  what  is  of  first  consideration  ?  After  pro- 
tecting the  train,  to  get  the  main  line  clear  as 
soon  as  possible. 

What  circumstances  will  govern  procedure  in 
such  a  case?  If  the  engine  can  be  cautiously 
moved  to  a  nearby  siding,  there  would  be  the 
proper  place  to  disconnect  and  make  temporary 
repairs;  if  a  wreck  occurred  on  double  track,  one 
track  should  be  cleared  first  to  permit  trains  to 
pass  around  the  wreck  and  facilitate  the  work  of 
the  wrecking  car. 

To  repeat  a  former  inquiry,  wnat  is  the  proper 
method  of  firing?  Firing  light  and  often  and 
having  the  coal  broken  into  fine  pieces  and 
evenly  distributed  over  the  fire. 


AIR  BRAKE  EXAMINATION. 

Note.— In  the  honk  on  Railway  Equipment  great  pains  have 
been  taken  to  describe  tbe  air  brake  and  how  it  is  worked:  It. 
was  intended  to  be  exhaustive  or  at  least  more  complete  than 
anything  hitherto  written  on  the  subject.  What  follows  is  em' 
bodied  here,  because  it  forma  a  part  of  an  examination  of 
"would-be"  engineers  that  I  am  describing  for  tbe  benefit  of 
those  concern  til.  The  account  of  the  air  brake  in  Railway 
Equipment,  referred  to  above,  covers  nearly  a  hundred  pages 
and  is  profusely  illustrated,  I  would  recommend  it  to  firemen 
who  seek  to  be  engineers,  and  all  others  who  wish  to  post  them- 
selves in  regard  lo  the  construction,  maintenance  and  operation 
of  the  air  brake. 

In  regard  to  the  particular  air  brake  referred  to  (the  West- 
iughousei,  I  adopt  that,  not  because  I  have  any  interest  what- 
n  the  brake  or  its  owners,  I  nit   simply   because  i 
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triple  valve  to  the  atmosphere  (to  release  the 
brake).  When  a  retainer  is  used,  the  final  exhaust 
has  to  go  through  the  retainer. 

Are  Westinghouse  air  pumps  single  or  double 
acting  ?    They  are  double  acting.* 

Under  what  circumstances  will  a  pump  com- 
press air  in  but  one  direction?  When  any  one  of 
the  four  valves  in  the  air  cylinder  are  fast  or 
broken. 

How  should  an  air  pump  be  started  and  lubri- 
cated ?  It  should  be  started  slowly  and  should  be 
lubricated  by  putting  eight  to  ten  drops  of  cylin- 
der oil  in  the  steam  cylinder  (170)  as  soon  as  the 
water  has  worked  out.  The  harder  the  pump's 
service  the  greater  should  be  the  amount  of  oil 
supplied  thereafter. 

At  what  speed  should  a  pump  be  run?  It' 
should  be  run  at  a  uniform  medium  speed  not  suffi- 
cient to  cause  excessive  heating. 

What  kind  of  oil,  if  any,  should  be  used  in  the 
air  cylinder  of  a  pump  and  where  should  it  be  ap- 
plied? Valve  (cylinder)  oil  should  be  used 
sparingly.  Apply  it  through  oil  cup  which  is  lo- 
cated on  top  of  the  air  cylinder.  Never  oil  the 
air  cylinder  through  the  strainer  and  air  passages. 
Usually  a  teaspoon  of  oil  will  be  sufficient  for 
one  trip,  but  if  service  is  heavy,  another  oiling  of 
same  quantity  will  be  necessary  before  complet- 
ing the  trip.  An  air  cylinder  sight-feed-cup,  one 
that  would  supply  about  one  drop  in  two  minutes 
to  the  air  cylinder,  would  work  to  a  better  ad- 

•See  full  explanation  and  illustration  of  Air  Pump,  Appen- 
dix B. 
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vantage.  Where  an  air  pump  has  become  hot, 
the  best  method  of  cooling  it  would  be  to  reduce 
the  speed  of  pump.  (As  the  sensitiveness  of  all 
the  air  parts  of  an  engine  depend  upon  the  treat- 
ment of  the  air  cylinder,  this  is  a  most  import- 
ant subject.) 

What  harm  is  there  in  using  kerosene  or  any 
oil  excessively?  Kerosene  affords  a  liability  to 
explosion,  while  any  oil  gums  up  everything  if 
used  too  freely. 

Should  a  swab  be  used  od  a  pump  rod?  Yes, 
metallic  packing  should  always  have  a  swab.* 

What  causes  water  to  get  into  the  main  drum 
(99)?  Compression  of  the  atmosphere  (contain- 
ing moisture)  causes  precipitation  of  water. 

How  often  should  the  main  drum  and  tender 
drain  cup  be  drained?    Daily  in  freezing  weather; 
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The  engineer  is  responsible,  although  the  engine 
may  be  in  his  charge  for  only  one  trip. 

How  is  the  train-line  pressure  regulated  with 
an  1889  valve  (Z)  8)  on  an  engine?  By  means  of 
the  governor  (177).* 

How  is  it  regulated  with  an  1892  (D  5,  E  6  or 
F 6)  engineer's  valve?  By  means  of  the  feed 
valve,  when  the  governor  is  set  above  the  re- 
quired train-line  pressure.  + 

What  is  excess  pressure?  The  amount  of 
pressure  in  the  main  drum  over  the  train-line 
pressure. 

When  should  excess  pressure  be  carried?  At 
all  times,  except  when  charging  a  train  at  termi- 
nals or  recharging  on  heavy  grades. 

What  is  the  value  of  excess  pressure?  It 
insures  prompt  and  certain  release  of  the  brakes, 
especially  on  long  trains.  It  is  also  used  to 
charge  cars  quickly. 

How  much  excess  pressure  would  you  carry 
with  an  1889  valve?  Fifteen  pounds  for  a  passen- 
ger or  short  train,  and  twenty  pounds  for  a 
freight  or  long  train. 

*The  1889  valve  is  so  designated  to  avoid  the  confusion  of 
letters  and  numbers.  1  call  it  thus  because  it  was  introduced 
in  1889.  It  is  more  generally  known  as  D  8.  In  1892  another 
valve  was  introduced,  and  this  is  also  designated  by  letters  and 
numbers.  I  designate  one  the  valve  of  18*9  and  the  other  the 
valve  of  1892. 

fThe  1892  valve  is  variously  designated  in  different  cata, 
logues.  The  reason  1  designate  it  as  the  1892  valve  is  because 
it  was  introduced  in  that  year,  and  in  order  to  avoid  the  confu- 
sion that  the  various  numbers  and  letters  cause  to  railway  men. 
In  some  cases  it  is  called  the  1892  valve  in  others  D  o,  E  6\  or 
/"  6\    They  all  refer  to  one  and  the  same  valve. 
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How  much  excess  pressure  would  yon  carry 
with  an  )S92  valve?  Twenty  pounds  for  a  pas- 
senger or  short  train,  and  twenty-five  to  forty- 
five  pounds  for  a  freight  or  long  train. 

Why  would  you  carry  a  different  amount  of 
excess  pressure  for  a  freight  than  for  a  passenger 
train  ?  Because  freight  cars  have  a  larger  train- 
line  piping,  and  there  are  usually  more  cars 
than  in  passenger  trains.  Consequently,  to  insure 
prompt  release,  more  excess  pressure  is  necessary. 
Besides  uncharged  cars  are  often  introduced 
(picked  up)  by  freight  trains;  such  trains  also 
frequently  break  in  two,  necessitating  a  large 
quantity  of  air  to  release  the  brakes. 

How  do  you  regulate  excess  pressure  with  each 
kind  of  engineers  valve?  With  the  1889  valve 
in  running  position,  the  excess  pressure  is  regu- 
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starts,  but  stops  frequently,  remove  one  of  the  caps 
of  the  pump  (the  side  one  preferably)  and  put  in 
some  cylinder  oil,  replace  the  cap  and  start  the 
pump  slowly.  If  this  does  not  suffice,  remove  the 
reversing  piston  (side  cap)  and  ascertain  if  the 
packing  rings  are  broken.  If  they  are,  remove 
the  broken  pieces  and  wrap  with  candle  wicking 
and  oil.  Next  remove  the  center  cap,  pull  out 
the  reversing  valve  and  stem,  noticing  as  you  do 
so  that  the  reversing  plate  is  not  loose. 

If  these  parts  are  found  to  be  all  right,  put  them 
back  (being  careful  to  put  the  valve  in  facing  the 
reversing  piston),  and  push  the  stem  completely 
down,  replacing  the  cap.  Then  if  the  pump 
starts  and  makes  one  complete  stroke,  up  and 
down,  the  trouble  is  with  the  reversing  valve 
plate  (to  get  at  which  it  is  necessary  to  remove  the 
top  head  of  the  pump,)  or  with  the  air  piston 
— the  piston  nut  has  probably  worked  loose — to 
remedy  which,  remove  the  bottom  air  head. 

Note. — If  rubber  or  asbestos  gaskets  are  used  instead  of 
copper  to  connect  the  pump,  pieces  of  them  lodged  in  the  small 
ports  in  the  top  head  will  stop  the  pump.  When  the  side  cap  is 
off,  it  is  a  good  plan  to  turn  on  some  steam  in  order  to  test  some 
of  these  ports.* 

Should  the  conductor  be  notified  if  the  pump 
does  not  work  ?  Yes,  at  once,  even  if  the  engineer 
expects  to  get  the  pump  working  before  the  next 
stopping  point  is  reached. 


•The  above  description  only  applies  to  the  9#-inch  pump 
where  it  has  parts  in  common  with  the  6-inch  or  the  8  inch 
pump.    See  Appendix  B. 

8  vol  IS 
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What  are  the  essential  parts  of  the  automatic 
brake  for  cars!  The  train-line,  the  triple  valve, 
the  auxiliary  and  the  cylinder. 

How  can  you  distinguish  between  the  two 
kinds  of  triple  valves?  The  plain  triple  valve  has 
a  cut-out  cock  in  the  triple  valve  casting,  or  has 
one-half  inch  piping.  The  quick  action  triple 
valve  has  no  cut-out  cock  in  the  triple  valve  cast- 
ing; it  is  in  the  large  one-inch  or  one  and  one- 
quarter-inch  branch  pipe. 

What  are  these  cocks  for?  They  are  to  cut  in 
or  cut  out  the  brake — that  is,  they  are  used  to  let 
the  air  enter  a  particular  brake  apparatus  or  to 
cut  out  such  brake.  In  the  case  of  the  four-way 
cock  in  the  old  style  triple  valve,  it  also  may  be 
used  to  cut  in  to  straight  air. 

Where  is  the  compressed  air  kept  stored  for 
use?     Forall  purposes,  in  the  man  drum,  train- 
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when  it  stops  dropping — 1.  e.,  with  the  brakes 
not  set.  When  the  brakes  are  applied  the  train 
line  and  auxiliary  pressures  are  equal  if  an  over- 
reduction has  not  been  made. 

Where  does  the  air  that  enters  the  brake  cyl- 
inders come  from?  It  comes  from  the  auxiliary, 
if  service  application  is  used;  and  from  the  train- 
line  and  auxiliary  if  emergency  application  (with 
quick  action  triple  valve  only)  is  used. 

What  is  the  office  of  the  triple  valve?  It 
charges  the  auxiliary  and  sets  and  releases  the 
brake. 

How  is  the  automatic  brake  applied  -  and 
released?  By  the  triple  valve,  which  allows  the 
air  to  enter  and  leave  the  brake  cylinder.  The 
triple  valve  is  moved  by  increasing  the  train-line 
pressure  above,  or  decreasing  it  below  the  aux- 
iliary pressure. 

When  the  train-line  pressure  exceeds  that  of 
the  auxiliary,  what  is  the  effect  on  the  brakes  ? 
They  are  released  by  the  triple  valve. 

When  the  auxiliary  pressure  is  higher  than  the 
train-line  pressure,  what  is  the  effect  on  the 
•  brakes?     The  triple  valve  sets  them. 

In  making  a  service  application  with  any  given 
pressure,  what  proportion  of  it  should  you  reduce 
to  get  a  fully  applied  brake?  One-fourth  of  the 
'  auxiliary  pressure,  for  the  standard  piston  travel 
of  eight  inches.  This  because  the  cylinder  is  at 
that  travel  about  one-third  of  the  standard  aux- 
iliary's capacity. 

How  much  should  the  first  reduction  be?  From 
four  to  eight  pounds,  according  to  circumstances. 
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Up  to  ten  cars  of  air,  four  or  five  pounds;  from 
ten  to  twenty  cars  of  air,  five  or  six  pounds;  above 
thirty  cars  of  air,  seven  to  eight  pounds. 

Why  are  there  leakage  grooves  in  cylinders? 
To  prevent  a  slight  leak  from  applying  the 
brakes.    Driver  brakes  have  no  leakage  grooves. 

How  long  are  these  grooves?  They  are  long 
.  enough  to  allow  the  piston  to  move  three  inches 
before  covering  them. 

After  making  a  full  service  application,  how 
much  pressure  is  there  in  the  cylinder?  The 
same  as  in  the  auxiliary,  i.  e.,  three-fourths  of 
what  the  auxiliary  had  before  the  brake  was  ap- 
plied, for  standard  eight-inch  piston  travel. 

When  and  how  can  you  obtain  greater  pressure 
than  this?  By  using  emergency  (with  quick 
action  triples)    before  you  have  made  much  or 
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How  many  applications  are  necessary  to  make 
a  stop?     One,  usually,  but  not  more  than  two. 

What  is  the  objection  to  more  ?  Each  applica- 
tion reduces  the  reserve  pressure  in  the  auxiliary 
reservoir. 

When  would  you  make  more  than  one  applica- 
tion in  making  a  stop  with  a  passenger  train  i 
When  at  yard  limits,  draw  bridges,  railroad  cross- 
ings, meeting  points,  or  other  places  of  danger ; 
also  when  a  slippery  road  crossing  is  reached  just 
before  a  stop  is  to  be  made,  or  at  a  place  where 
sand  cannot  be  depended  upon. 

Why  is  it  dangerous  to  repeatedly  apply  and 
release  the  brakes?  Because  each  application 
reduces  the  auxiliary  pressure,  and,  if  there  is  not 
sufficient  time  between  the  applications  to  re- 
charge, the  braking  power  is  greatly  weakened. 

How  would  you  handle  the  engineer's  valve  in 
releasing  the  brakes  ordinarily  i  1  ftould  move 
it  to  full  release  (position  1)  and  bring  it  imme- 
diately to  running  position  (position  2)  before 
removing  my  hand  from  the  handle. 

What  separates  the  main  drum  from  the  train- 
line  pressure?  The  rotary  valve  of  the  engineers 
valve  when  the  handle  is  at  any  place  except  on 
full  release.  Also  the  feed  valve  of  an  1892 
valve  or  the  excess  pressure  valve  of  an  1889 
valve  separates  these  pressures  in  running  posi- 
tion only. 

Explain  the  effect  of  a  cut  or  leaky  rotary  valve 
or  seat?  It  generally  causes  a  loss  of  excess  in 
running  position  and  releases  the  brakes  on  lap. 
While  a  rotary  valve  might  be  cut  in  many  ways, 
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usually  the  leak  is  from  the  main  drum  to  the 
train-line,  as  the  seat  between  the  two  is  only  a 
quarter  of  an  inch  broad. 

How  would  you  do  good  braking  with  a  leaky 
rotary?  "Good  ' — the  word  is  comparative. 
Rough  handling  of  the  train  or  jerking  could  be 
avoided  if  the  train-line  exhaust  was  allowed  to 
blow  out  as  much  air,  or  more  than  the  leaky 
rotary  was  putting  into  the  train-line. 

Is  a  leaky  rotary  considered  dangerous?  Yes, 
and  a  proper  test  before  taking  the  engine 
out  of  the  bouse  would  have  determined  the 
defect. 

Why  is  it  necessary  to  keep  the  rotary,  feed  and 
excess  pressure  valves  clean?  Because  gum  or 
dirt  will  cause  them  to  open  or  leak  when  they 
should    be    closed,  or  will  cause  them  to  close 
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If  this  drum  should  spring  a  leak  on  the  road, 
what  would  you  do  to  accomplish  good  braking  ? 
I  would  plug  the  connection  to  it,  plug  the  train- 
line  exhaust,  and  use  the  handle  in  direct  appli- 
cation (position  5),  opening  it  carefully  so  as  to 
avoid  quick  action,  and  closing  it  slowly  so  as  to 
prevent  the  surge  of  air  ahead  from  releasing  the 
head  brakes. 

State  the  different  positions  of  the  engineer's 
valve.  Full  release  (1),  running  (2),  lap  (3), 
service  stop  (4),  and  direct  application  or  emer- 
gency (5). 

What  harm  is  caused  by  leaving  the  1889  en- 
gineer's valve  on  lap  a  long  time  and  then  releas- 
ing? With  this  valve  the  governor  will  allow  a 
high  main  drum  pressure  to  accumulate,  if  the 
train-line  is  below  standard  when  the  handle  is 
on  lap.  Putting  this  into  the  train-line  upon 
releasing,  a  burst  hose  will  result,  auxiliaries  be 
overcharged  and  governor  injured. 

Would  you  run  a  pump  fast  with  an  1 889  valve 
when  on  a  grade  ?  Not  unless  there  was  a  long 
train  which  had  to  be  recharged  frequently  on 
account  of  leakage. 

What  is  the  function  of  the  air  pump  governor? 
It  automatically  shuts  off  the  supply  of  steam  to 
the  pump  when  the  maximum  air  pressure  has 
been  obtained  and  readmits  steam  to  the  pump 
when  the  air  pressure  it  is  regulating  falls  below 
the  standard  amount. 

What  might  prevent  the  governor  from  shut- 
ting off  the  steam  when  the  maximum  pressure 
had  been  obtained  ?     The  drain  or  waste  pipe  be- 


diaphragm  valve  head,  broken  or  missing, 
f  the  governor  became  inoperative, what  wo 

do  to  get  it  in  working  order?  i  would 
idjust  it  by  adjusting  the  spriug.  Then  if 
ed  to  work,  I  would  relieve  it  of  pressure  a 
m  the  diaphragm  valve  and  valve  seat  w 
.  wood  or  something  that  would  not  scratch 
them. 

Vhat  would  you  do  if  the  governor  did  i 
w  you  more  than  thirty  or  forty  pounds 
although  you  had  adopted  the  above  me; 
epair  ?  I  would  disconnect  the  air  pipe  1$ 
to  the  governor  and  plug  it  up,  using  i 
lp  throttle  to  regulate  the  pump  for  1 
tainder  of  the  trip. 

Vhat  is  the  cause  of  gum  or  dirt  in  the  g< 
or  ?  Oil  from  the  aic  cylinder,  or  the  runni 
he  pump  over  an  ash-pit  or  other  dirty 
ty  place. 

Vhy  should  the  brakes  on  a  passenger  train 
ased  before  the  train  is  brought  to  a  f 
)  ?  To  avoid  the  disagreeable  lurch  which 
sed  by  the  trucks  being  tilted  when  the  tr* 
)s.      The  greater  the  amount  of  air  in  \ 
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Why  should  you  not  release  the  brakes  on  a 
freight  train  before  coming  to  a  full  stop?  It  is 
not  necessary  to  do  so,  because  the  brakes  on 
freight  cars  are  generally  hung  differently  from 
those  on  passenger  cars,  and  the  train  may  break 
in  two. 

When  would  you  use  the  emergency  applica- 
tion of  the  brake?  Only  when  necessary  to  pre- 
vent the  loss  of  life  or  property.* 

Does  the  emergency  jerk  most  when  going  fast 
or  when  going  slowly?     When  going  slowly. 

How  should  the  brakes  on  a  freight  train,  with 
only  a  part  of  the  cars  having  air  brakes,  be 
applied  and  released?  They  should  be  applied 
lightly  at  first,  increasing  the  pressure  when  nec- 
essary. They  should  not  be  released  until  the 
train  has  stopped. 

If  necessary  to  release  a  part  air  brake  train 
when  moving,  how  do  you  handle  the  engineer's 
valve?  Place  the  handle  in  running  position 
(2),  and  then  move  it  back  to  lap  quickly,  repeat: 
ing  this  several  times  until  nearly  all  of  the 
brakes  have  been  released,  each  time  leaving 
the  handle  in  a  running  position  a  little  longer 
than  the  previous  time;  finally,  throw  the  handle 
to  full  release  and  then  back  to  running  position. 

When  should  the  hand  brakes  be  set  on  the 
rear  of  a  train?  Only  upon  a  call  for  brakes,  or 
when  a  part  air  brake  train  is  backing  up.  In  the 
latter  case,  most  of  the  braking  should  be  done 


•Reference  to  Appendix  A  will  show  that  a  locomotive  should 
not  be  reversed  after  applying  the  brakes  in  emergency. 
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by  using  the  band  brakes  at  the  rear.  When  the 
engineer  requires  assistance,  because  of  too  few 
air  cars,  the  hand  brakes  immediately  behind  the 
air  brake  cars  should  he  used. 

If  you  find  the  brakes  dragging,  how  can  you 
release  them?  By  using  excess  very  quickly,  if 
you  have  it.  If  not,  by  setting  the  brakes  enough 
to  get  excess,  and  then  releasing  quickly. 

Why  is  it  necessary  to  test  the  air  brake  appa- 
ratus before  starting?  To  insure  the  safety  and 
celerity  of  trains  upon  the  road. 

Describe  the  proper  method  of  testing  brakes 
on  a  train.  Beginning  at  the  rear,  the  brakeman 
should  couple  all  the  hose,  open  all  the  angle 
cocks  except  the  one  at  the  rear,  see  that  all  the 
cars  are  cut  in  (except  such  as  are  marked  defec- 
tive),  see  that  all  the  baud  brakes  are  off,  and  the 
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(stationed  at  the  rear  air  brake  car),  who  should 
repeat  the  signal.  After  the  engineer  gets  the 
signal  from  the  rear  man,  he  should  apply  fifteen 
to  eighteen  pounds  in  service  application  and 
place  the  engineer's  valve  handle  on  lap.  The 
brakemen  should  now  walk  toward  each  other, 
inspecting  each  car,  to  see  that  it  sets  and  holds 
— noting  the  piston  travel  as  well.  After  this  has 
been  done,  they  should  signal  the  engineer  to  re- 
lease. Then  the  brakemen  should  pass  each  to 
his  respective  end  of  the  air  brake  cars  to  see 
that  all  the  brakes  have  been  released,  and,  in 
winter,  see  that  no  shoes  are  frozen  to  the  wheels. 
The  head  brakeman  should  then  advise  the  en- 
gineer as  to  the  number  of  air  cars  that  are  in 
good  working  order,  and  the  tonnage  or  length  of 
the  train. 

In  testing  brakes,  why  is  it  not  advisable  to  use 
the  emergency  application?  Because  the  use  of 
service  application  is  the  ordinary  method  of 
stopping  a  train.  Some  defective  brakes  will  set 
in  an  emergency  application  that  will  not  set  in 
service  application. 

Why  should  a  full  reduction  be  made,  and  not 
five  or  six  pounds?  Because  some  cars  may 
charge  five  or  six  pounds  faster  than  others,  if 
charged  rapidly.  A  proper  test  must  insure  the 
setting  of  every  car  that  is  in  fair  condition. 

In  making  a  test  with  a  train  standing,  if  any 
brake  in  the  train  sets  quick  action,  how  can  it  be 
detected?  By  noticing  the  train-line  exhaust 
from  the  engineer's  valve.  If  it  stops  suddenly 
while  the  brake  valve  is  in  service  position  (it 
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may  start  again  or  not,  according  to  how  much 
reduction  is  made),  it  shows  that  the  train-line 
pressure  has  suddenly  dropped  faster  and  lower 
than  the  pressure  above  the  equalizing  discharge 
piston.  Emergency  does  this  by  venting  the 
train-line  pressure  directlyto  the  brake  cylinder 
suddenly. 

How  would  you  proceed  to  ascertain  in  which 
car  the  trouble  was?  One  method  is  to  set  about 
rive  pounds  in  service  application  and  then  find 
out  which  cars  having  the  quick  action  triple 
valve  are  not  set;  have  some  one  watch  each  car 
while  increasing  three  to  five  pounds  more  in  the 
service  application.  The  car  that  sets  in  quick 
action  first  is  the  defective  one,  but  as  emergency 
travels  at  the  rate  of  about  twenty-three  cars  per 
second,  it  is  best  to  cut  out  one  of  the  cars  that  did 
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action,  and  although  this  rarely  occurs,  no  train 
should  be  taken  out  of  the  station  until  the  de- 
fective car  is  located  and  cut  out.  It  should  be 
done  before  damage  occurs. 

If  one  triple  valve  goes  to  emergency,  will  the 
others  follow  ?  Yes,  if  it  is  a  quick  action  triple, 
all  the  other  triples  of  either  kind  will  go  to 
emergency.  Rare  exceptions  to  this  rule  may 
occur  where  a  large  number  of  plain  triples  or 
cars  having  brakes  cut  out  are  placed  together  in 
a  train. 

Before  starting  from  a  terminal  station,  or 
where  a  change  is  to  be  made  in  a  train,  is  it 
the  engineer's  duty  to  find  out  how  many  cars 
there  are  in  his  train  with  and  without  air 
brakes?  Yes,  it  is  his  duty  to  find  out  how 
many  cars  there  are  with  air  brakes.  To  know 
the  tonnage  of  a  train  is  more  valuable  than  to 
know  the  number  of  cars. 

In  making  a  careful  test,  why  is  it  necessary 
to  hold  the  brakes  applied  for  a  minute  or  longer  ? 
Because  the  longer  the  brakes  can  be  left  applied 
the  more  certain  it  is  that  they  will  hold  for  a 
long  and  difficult  stop. 

Where  else,  except  at  starting  points,  should  a 
terminal  test  be  made  ?  When  changing  engines, 
or  adding  a  double  header  (another  engine)  after 
long  delays  have  occurred  on  the  road,  and  at  the 
summit  of  very  heavy  descending  grades.  When 
air  brake  cars  are  added  to  a  train,  a  terminal 
test  of  such  cars  should  be  made  by  the  forward 
brakeman,  while  the  rear  brakeman  should  see 
that  the  rear  air  brake  car  can  be  applied  and 
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released  from  the  engine.  When  the  engine 
is  out  off,  or  the  train  cut  in  two  at  a  crossing,  or 

elsewhere,  it  should  be  ascertained  that  the  en- 
gineer can  set  and  release  the  rear  air  brake  car. 

When  the  brakes  apply  suddenly  without  the 
action  of  the  engineer,  what  is  the  cause?  The 
train  has  parted,  the  hose  has  broken,  or  a  valve 
has  pulled  open. 

What  should  be  done  in  such  a  case?  The 
engine  throttle  should  be  shut  off  and  the  air 
brake  handle  should  be  put  on  lap  (position  3)  as 
quickly  as  possible.* 

If  you  find  that  the  train  has  broken  in  two, 
what  would  you  do  so  as  to  be  able  to  get  under 
way  again  promptly?  When  the  train  has  been 
brought  to  a  stop,  I  would  place  the  handle  in 
running  position  to  see  if  the  train  pipe  is  stil" 
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If,  after  recoupling,  you  could  not  release  all 
the  brakes  at  once,  how  would  you  handle  the 
engineer's  brake  valve  in  order  to  do  so  the  most 
quickly?  I  would  lap  the  valve  and,  after  get- 
ting about  twenty  pounds  of  excess,  I  would  try 
to  release  with  this,  repeating  the  operation  until 
all  the  brakes  were  released.  I  should  never 
leave  the  engineer's  valve  handle  in  release  posi- 
tion expecting  the  action  of  the  pump  to  release 
all  the  brakes. 

How  should  you  handle  the  engineer's  valve  in 
backing  up  a  train  where  a  "tail  hose"  is  being 
used  at  the  rear  end?*  Leave  it  in  a  running 
position  all  the  time,  running  the  pump  a  little 
more  slowly  than  usual.  Before  backing  out  of 
the  yard,  as  a  test,  the  rear  man  should  set  the 
brake  while  the  train  is  moving,  and  stop  it 
against  the  working  of  the  engine. 

When  two  or  more  engines  are  coupled  to- 
gether, which  engine  should  do  the  braking? 
The  forward  engine. 

What  would  you  do  on  the  other  engines  ?  I 
would  close  the  stop  cock  in  the  train-line  under 
the  engineer's  valve  and  run  the  pumps,  keeping 
the  engineer's  valve  handles  in  running  position. 

*A  "tail  hose"  or  "back  up  hose"  is  a  long  hose  to  be  coupled 
to  the  rear  air  brake  hose  of  the  last  car,  and  has  on  its  extreme 
end  a  valve  by  which  the  trainman  operating  it  may  allow  air 
to  escape  from  the  train-line  1o  apply  brake*.  This  hose  is 
used  where  passenger  trains  are  backed  any  considerable  dis- 
tance. In  conjunction  with  the  valve,  it  frequently  has  an  air 
whistle  with  which  to  sound  warnings  on  approaching  street 
crossings,  etc  The  tree  end  of  the  "tail  hose"  is  fastened  to 
the  platform  hand  railing,  so  as  to  be  readily  accessible  to  the 
operator  from  the  platform  of  the  r»ar  car. 
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All  the  engines  should  be  equipped  with  such 
atop  cocks. 

Would  you  do  any  differently  in  cold  weather 
than  you  would  in  warm  weather?  Yes,  in  winter 
the  pump  on  the  rear  engine  must  be  kept  mov- 
ing, even  if  it  is  necessary  to  break  some  pipe 
joint  to  cause  a  leak. 

What  variation  is  allowable  in  the  brake  piston 
travel  on  cars,  tenders,  drivers  and  engine  truck  % 
Generally  speaking  the  piston  travel  should  be 
kept  between  one-half  to  three-fourths  the  length 
of  all  kinds  of  brake  cylinders  except  drivers.  It 
is  advisable,  however,  that  freight  cars  be  taken 
up  to  five  inches  when  empty  and  drivers  are  best 
kept  between  two  and  four  inches.  It  occurs  in 
the  practice  of  some  companies,  that  engine 
trucks  and  ore  cars  or  other  cars  of  special  con- 
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engines?  By  adjusting  the  screws  of  supporting 
rods  or  by  adjusting  springs. 

Ho w  are  the  outside  equalized  brakes  adjusted? 
Both  the  steam  and  air  brakes  are  adjusted  by 
tightening  the  adjusting  screw  located  near  the 
rear  driver  on  each  side.- 

How  does  the  variation  of  piston  travel  affect 
the  braking  power?  The  braking  power  is 
increased  by  the  shortening  of  the  piston  travel, 
and  vice  versa. 

With  the  same  piston  travel,  can  loaded  and 
empty  cars  be  stopped  alike  ?  No,  they  will  neither 
hold  nor  stop  alike  on  account  of  the  variation 
of  weight  to  be  stopped,  but  the  brake  itself 
exerts  about  the  same  force  in  both  cases. 

Why  should  the  brakes  be  released  before 
uncoupling  from  a  train  ?  In  order  that  the  cars 
can  be  switched  and  car  repairers  can  tap  (test) 
the  wheels  or  jack  up  a  journal  box;  also  to  pre- 
vent the  shoes  from  freezing  to  the  wheels,  and 
especially  because  a  brake  that  is  applied  leaks 
so  rapidly  that  in  changing  engines  it  may  be 
found  that  much  of  the  air  has  escaped. 

What  should  be  done  with  the  air  hose  at  each 
end  of  an  engine  before  coupling  to  the  train  ? 
Air  should  be  bio wn  through  them,  or  they  should 
be  shaken  out  by  hand  to  clear  them  of  dirt  and 
dust.* 

What  is  the  pressure  retaining  valve?  It  is  a 
weighted  valve  which  the  triple  exhaust  has  to 

*The  rules  of  some  roads  require  that  whenever  air  hose  are 
not  coupled  together  they  shall  be  hung  up  in  dummy  couplings 
provided  for  that  purpose. 
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raise  in  order  to  escape  it  when  the  retainer 
handle  is  turned  up,  and  has  to  be  turned  up 
before  the  brake  is  released. 

What  is  its  use?  It  retards  the  release  and 
finally  holds  from  fifteen  to  twenty  pounds  of  air 
in  the  brake  cylinder  while  the  auxiliary  is  being 
recharged. 

In  descending  a  grade,  what  is  the  best  way  to 
keep  a  train  uuder  control?  The  best  way  is  to 
apply  the  air  lightly  while  the  train  is  moving 
slowly,  keep  the  train  at  a  slow  speed,  and  the 
train-line  pressure  as  higli  as  possible  all  the 
time.  To  do  this,  if  it  is  necessary  to  recharge, 
reduce  the  speed  below  the  average  just  before 
recharging.  To  recharge,  handle  the  train  as 
though  a  flagman  had  been  sent '  half  a  mile 
ahead,  i.  e.,  go  slow  and  exercise  caution. 
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portant  and  should  be  given  proper  attention; 
the  light  from  the  fire-box  when  the  door  is  open 
is  not  sufficient. 

How  often  should  the  air  gauge  be  observed  ? 
When  whistling  for  road  crossings,  or  similar 
places,  and  about  two  miles  from  all  dangerous 
plp^es  or  places  where  the  train  is  to  stop. 

Can  one  tell  approximately  how  many  air 
brake  cars  are  attached  to  the  engine  by  a  five  or 
six  pound  reduction?  Yes,  the  length  of  the 
blow  from  the  train-line  exhaust  indicates  this 
approximately.  It  is  easy  to  discern  a  few  from 
many  cars. 

How  far  from  important  stops,  meeting  points, 
railroad  crossings,  etc.,  should  the  first  brake 
application  be  made  i  Not  less  than  a  mile  on 
freight  trains,  and  on  passenger  trains  the  dis- 
tance should  be  far  enough  to  insure  safety  in 
case  the  brakes  fail  to  work  satisfactorily.* 

For  what  purposes  and  in  what  way  is  air  taken 
from  the  main  drum?  For  many  purposes.  It 
is  taken  by  the  train-line,  air  signal,  air  bell 
ringer,  air  sarider,  air  blow-off  cocks,  and  air 
fianger. 

Will  a  ten  pound  reduction  from  seventy 
pounds  set  a  brake  any  harder  than  a  ten  pound 
reduction  from  fifty  pounds  initial  train-line 
pressure?  No,  not  with  a  standard  piston  travel, 
or  greater  than  the  standard. 

If  you  had  but  forty  pounds  of  air,  how  much 
would  you  reduce  to  obtain  full  power?    One- 

*Some  railroads  require  a  running  tost  at  least  two  miles  from 
all  such  points  and  at  the  summit  of  heavy  grades. 
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fourth  with  standard  eight-inch  piston  travel 
would  be  a  full  application. 

Why  is  it  important  to  keep  the  driver  brakes 
in  good  order?  Because  they  are  the  most  power- 
ful brakes  on  the  train  and  the  most  costly.  They 
keep  the  tires  worn  down,  prevent  the  engine 
from  pulling  away  from  the  tank,  and  prevent 
the  train  from  parting  near  the  head  end. 

How  do  you  test  for  leaks  in  driver  breaks? 
First,  apply  them.  (Emergency  application  will 
hold  longer  than  service  application  and  the 
straight  air  will  supply  loss  from  leakage.) 
Everything  from  the  triple  valve  to  both  cylin- 
ders, and  all  the  parts  of  both  cylinders  should 
then  be  examined  with  a  torch.  A  gauge  screwed 
into  the  oil  hole  of  the  cylinder  also  affords  an 
accurate  test. 
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cinders  or  coal  screenings  are  used  for  ballast, 
the  rail  is  rendered  more  slippery. 

If  it  is  impossible  to  depend  upon  sand,  as  in 
the  case,  say,  with  a  side  wind,  or  if  the  sand 
pipes  should  stop  up,  how  should  the  braking  be 
done  ?  To  make  a  sudden  stop,  from  ten  to  fif- 
teen pounds  should  be  applied  about  the  same 
distance  from  the  stopping  point  as  in  the  case  of 
a  good  rail.  When  the  train  is  reduced  to  a 
speed  of  from  fifteen  to  eighteen  miles  per  hour, 
all  the  brakes  should  be  released  and  then  five  to 
eight  pounds  applied,  or  not  enough  pressure  to 
make  the  wheels  slide.* 

Does  the  black  hand  of  the  air  gauge  show  the 
train-line  pressure  at  all  times?  No;  only  in 
full  release  or  running  position,  or  on  lap  at  the 
instant  th'e  train-line  exhaust  starts  or  stops.  It 
always  shows  the  pressure  in  the  cavity  (and 
little  drum  connected  thereto)  above  the  equal- 
izing discharge  piston. 

Are  the  train-line  pressure  and  the  auxiliary 
„  pressure  always  the  same  'I  No.  While  releasing 
or  charging,  the  train-line  pressure  is  greater 
than  the  auxiliary  pressure.  While  setting,  or 
after  making  an  over-reduction,  the  train-line 
pressure  is  less. 

With  an  1889  engineer's  brake  valve  can  you 
supply  a  leak  in  the  train-line  with  the  handle 
in  running  position  ?     Yes,  if  in  releasing  after 

♦The  speed  carve  in  Fig.  32  shows  clearly  that  it  is  the  reduc- 
tion of  the  high  velocity  that  requires  the  severest  application, 
while  a  low  speed  can  easily  be  overcome  by  a  light  application, 
and  it  is  then  that  wheels  are  most  liable  to  slide. 
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brake  applications  you  move  the  handle  to  full 
release  and  bring  it  immediately  to  running  posi- 
tion before  letting  go  of  it. 

What  is  the  result  of  leaving  the  handle  of  the 
engineer's  valve  in  full  release  too  long  and  then 
returning  it  to  running  position?  Any  leak  in 
the  train  will  set  the  brake,  and  the  engineer's* 
valve  is  not  ready  to  overcome  it. 

What  is  indicated  by  noticing  the  discharge 
from  the  train-line  exhaust  nipple?  About  the 
number  of  cars  in  the  train;  also,  when  applying 
service  application  it  will  indicate  whether  the 
brakes  will  act  with  emergency  application  or 
not.  When  the  handle  is  placed  in  release  posi- 
tion, a  blow  from  the  train-line  exhaust  indicates 
few  or  no  cars. 

If  the  air  signal  whistle  blows  every  time  the 
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ernor  ?  By  reducing  the  pressure  that  the  gov- 
ernor regulates  or  by  letting  it  all  out.  Then,  if 
the  pump  works  all  right,  the  trouble  is  probably 
in  the  governor.  If  the  pump  does  not  work  all 
right,  the  trouble  is  probably  in  the  pump. 

Would  the  air  brake  on  a  car  work  properly 
with  the  retainer  broken  off  ?  Yes,  if  not  plugged 
up. 

How  many  air-brake  cars  should  be  operated 
by  one  engine?  To  the  extent  of  the  train-limit. 
If  the  brakes  leak,  complaint  should  be  made 
forthwith  and  the  defects  remedied. 

With  an  independent  brake  on  the  engine,  if 
you  were  backing  up,  which  would  you  apply 
first,  the  automatic  brake,  or  the  independent 
brake?     The  automatic  train  brakes. 

How  often  should  you  report  defects  in  the  en- 
gine, that  need  repairs?  Daily,  and  at  every 
roundhouse  your  engine  enters. 

Do  you  appreciate  the  fact  that  the  proper 
handling  of  the  air  brake  on  trains  is  one  of  the 
most  difficult  tasks  that  an  engineer  has  to  per- 
form, and  that  its  proper  handling  so  as  to  secure 
the  comfort  of  passengers  and  the  safety  of  life 
and  property  requires  close  attention  and  the 
exercise  of  good  judgment?     Yes. 

Is  it  not  a  fact  that  the  failure  of  the  air  brakes 
to  work  is  almost  invariably  due  to  the  neglect 
of  some  one  to  do  the  right  thing  at  the  right 
time  ?    Yes. 

Is  it  the  duty  of  an  engineer  to  observe  and 
study  with  painstaking  care  any  and  all  new  fix- 
tures and  appurtenances  introduced  from  time  to 
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time  in  connection  with  the  air  brake  or  other 
features  of  the  engine?  Yes;  his  imperative 
duty.* 


•In  dosing  this  examination  the  attention  of  the  reader  is 
again  respectfully  called  to  the  dctnili'.l  description  of  tie  loco- 
motive and  the  air  hrake,  together  with  the  numerous  engrav- 
ings illustrating  the  same,  to  bo  found  in  the  book  on  Railway 
Equipment.  The  information  in  question  will  prove  of  value 
to  all  students  of  the  subject  treated  on. 
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OTHER  MATTERS  RELATING 
TO  THE  DUTIES  AND  RESPONSIBILITIES 

OF  ENGINEERS. 

The  foregoing  examinations,  with  what  follows, 
prepared  with  a  view  to  ascertaining  the  fitness 
of  firemen  to  become  engineers,  treat  of  things 
that  it  is  desirable  engineers  should  know — should 
have  at  their  fingers'  ends  —  in  order  to  fill  their 
places  to  the  best  advantage.  If  they  are  not 
familiar  with  them  they  should  lose  no  time  in 
becoming  so.    They  are  primary  in  their  nature.* 

The  vast  resources  at  the  engineer's  disposal, 
the  result  of  experience,  while  much  of  it  may  be 
particularized  in  print,  much  of  it  cannot  be. 
The  beginner  does  not  possess  this  fund  of  infor- 
mation and  it  is  not  expected  of  him.    He  is, 

•While  we  most  believe  that  it  is  desirable  that  the  engi- 
neer should  not  only  understand  his  own  duties  perfectly,  but 
those  of  the  fireman  as  well,  it  is  nevertheless  true  that  this 
universality  of  knowledge  is  not  possessed  by  all  engineers. 
This  renders  manuals  all  the  more  necessary.  One  reason  why 
engineers  do  not  possess  the  knowledge  in  question  is  that 
methods  change  after  they  cease  to  be  firemen;  thus  we  will  say, 
the  kind  of  fuel  may  have  changed,  from  wood  to  coal.  What- 
ever the  occasion  of  the  lack  of  knowledge,  the  lack  exists  and 
is  recognized  by  railroad  companies  and  excused  because 
unavoidable,  but  in  so  far  as  engineers  are  deficient  in  the 
knowledge  of  the  duties  of  firemen,  manuals  that  throw  light 
on  the  duties  of  the  fireman  are  not  only  of  value  to  the  latter 
latter  but  to  the  engineer  as  well. 

(133) 
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however,  expected  to  attain  it  as  quickly  as  pos- 
sible. If  he  is  ambitious  and  adaptable  be  will 
soon  acquire  it.  The  time  required  will  be 
dependent  upon  the  thought  that  be  gives  the 
subject  and  his  ability  to  learn.  Nothing  con- 
nected with  his  business  will  be  too  small  to 
escape  his  observation;  nothing  too  trifling  if  it 
affords  him  information;  he  will  avail  himself  of 
the  literature,  however  scant,  that  dwells  upon 
his  duties  or  that  has  any  relation  to  the  train 
service;  he  will  observe  and  study  the  actions  of 
those  about  him;  question  with  nntiriug  zeal,  all 
from  whom  he  can  gain  light.  He  will  not  be 
satisfied  with  the  fact  that  he  has  been  found 
worthy  to  have  charge  of  an  engine:  he  will  not 
stop  until  he  understands  the  anatomy  of  his 
machine  and  its  working  as  the  snnjei'ii  doe."  that 
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partakes,  like  all  corporate  regulations,  of  a  prac- 
tical nature.  I  shall  try  to  avoid  as  much  as  pos- 
sible repeating  anything  concerning  the  duties 
and  responsibilities  of  engineers  already  given.* 

With  this  explanation,  I  proceed  to  enumerate 
such  things  as  occur  to  me  at  this  time  as  form- 
ing a  part  of  the  subject. 

To  begin,  then,  it  may  be  said  of  engineers,  that 
amiability,  quickness  of  perception,  skill  and 
promptness  of  action  mark  those  of  the  highest 
attainments.  The  fireman  who  hopes  to  become 
a  good  engineer  must  possess  similar  character- 
istics. 

It  is  also  a  characteristic  of  such  engineers  that 
they  are  stirred  by  an  ambition  to  excel  in  every 
way. 

While  the  fireman  is  the  subordinate  of  the 
engineer,  the  latter  should  seek  to  further  his 
advancement  by  teaching  him  everything  con- 
nected with  the  construction,  maintenance  and 
operation  of  the  locomotive  that  his  time  and 
capacity  for  learning  permits  of. 

The  fireman  on  his  part  should  show  his  appre- 
ciation of  the  kindness  and  interest  of  the  engi- 
neer by  his  industry,  amiability  and  willingness 
to  obey  orders. 

The  engineer  and  fireman  must  work  together, 
each  recognizing  his  dependence  upon  the  other, 
if  the  best  results  are  to  be  attained. 

*I  shall,  however,  be  only  partially  successful  in  this,  but 
while  there  will  be  more  or  less  going  over  ground  ulrwuly 
traversed,  it  will  be  in  connection  with  new  ideas  and  a  fullci 
development  of  old  ones. 
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In  reference  to  details,  it  is  becoming  more 
and  more  the  practice  for  the  engineer  to  have 
charge  of  both  injectors.  This  notwithstanding 
the  efficiency  of  the  fireman  in  this  direction.  If, 
however,  the  fireman  miscalculates  in  regard  to 
the  requirements  of  the  engine,  and,  in  conse- 
quence, finds  his  fire  too  low,  and  the  steam  press- 
ure  dropping  unduly  because  of  it,  he  must  call 
the  engineer's  attention  to  the  fact,  that  the  in- 
jector may  be  shut  off  and  the  supply  of  water 
reduced  so  that  the  pressure  may  be  the  more 
quickly  regained. 

It  is  a  truism  that  economical  firing  is  impos- 
sible where  the  engine  and  injector  are  started  , 
simultaneously,  or  both  shut  off  at  the  same  time 
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a  shovelful  of  coal  off  the  engine  each  minute' 
without  taking  steps  to  stop  the  waste."  Severe 
critics  claim  they  have  seen  engineers  sit  calmly 
by  on  such  occasions  and  hear  the  escape  of 
steam  from  the  safety  valves  with  indifference. 

In  reference  to  the  art  of  firing,  there  are  two 
systems  of  supplying  coal  to  the  engine.  One  is 
the  banking  system,  used  principally  with  certain 
grades  of  coal  having  few  or  no  clinkers;  the 
other  is  the  spreading  system,  which  is  followed 
where  anthracite  coal  and  some  grades  of  bitu- 
minous coal,  having  more  or  less  clinkers,  are 
used.  Where  the  banking  system  is  followed,  a 
large  quantity  of  coal  is  placed  in  the  rear  of  the 
fire-box  until  the  gases  and  hydro-carbons  have 
been  expelled  and  it  becomes  a  coke.  Then  it  is 
pushed  forward  onto  the  incandescent  coals  by  a 
slash  bar  or  rake  and  a  fresh  supply  of  coal  placed 
near  the  door.  This  method  is  little  used  and 
does  not  require  much  skill.  Where  the  spread- 
ing system  is  used  the  coal  is  broken  into  pieces 
not  larger  than  an  apple.  While  many  compa- 
nies require  that  the  coal  shall  be  thus  broken 
before  being  placed  on  the  tender,  it  is,  perhaps, 
more  generally  the  custom  to  have  it  broken  by 
the  fireman.  However  this  may  be,  he  is  ex- 
pected to  see  that  it  is  so  prepared  before  being 
placed  in  the  fire-box. 

Coal  broken  into  pieces  of  the  proper  size 
offers  greater  surface  area  to  the  heat  and  per- 
mits of  being  scattered  more  uniformly  over  the 
lire 

10  vol  11 
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Except  in  very  cold  weather  coal  should  be 
wet  to  prevent  dust  and  dirt.  This  gives  in- 
creased weight  to  the  hue  particles  which  other- 
wise would  be  drawn  directly  into  the  flues, 
causing  not  only  a  waste  of  fuel,  but  stoppage  of 
the  flues. 

At  starting,  the  fire  should  be  sufficient  to 
carry  the  train  out  of  the  yard,  so  as  to  permit 
the  fireman  to  give  his  attention  wholly  to  the 
signals  and  switches. 

If  the  locomotive  is  supplied  with  a  smoke 
burner,  it  should  be  carefully  looked  after,  and  if 
there  are  any  flues  in  the  sides  or  rear  of  the 
fire-box  for  admitting  air  above  the  fire,  they 
should  be  kept  open,  as  it  will  tend  to  more 
perfect  combustion  and  help  to  abate  the  smoke 
nuisance. 
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Care  should  be  taken  not  to  throw  the  coal  so 
that  it  will  strike  the  flues  or  fall  on  top  of  the 
arch,  if  the  engine  has  one. 

A  fire  requires  to  be  frequently  replenished 
with  small  quantities  of  fuel  in  order  to  keep  it 
bright.  Heat  is  greatest  when  there  is  a  rapid 
state  of  combustion.  If  there  are  clouds  of 
smoke  in  the  fire-box,  heat  will  not  readily  pene- 
trate them,  and  so  poor  results  will  be  attained. 

In  case  it  is  found  necessary  to  maintain  a 
very  heavy  fire  in  order  to  generate  sufficient 
steam,  it  indicates  that  there  is  something  wrong 
with  the  front  end  of  the  engine;  either  the  noz- 
zle is  too  small  or  may  have  become  choked,  or 
the  draft  appliances  are  not  properly  adjusted. 

The  temperature  required  to  ignite  carbon  (of 
which  coal  is  chiefly  composed)  is  about  eighteen 
hundred  degrees.  If,  therefore,  a  large  amount 
of  coal  is  placed  on  the  fire  at  one  time,  the  tem- 
perature is  reduced  until  the  coal  supplied  can 
be  brought  up  to  the  required  temperature.  The 
result  is,  first,  contraction  of  the  metal  surround- 
ing the  fire-box,  followed  by  expansion,  thus  sub- 
jecting the  boiler  to  a  great  and  unnecessary 
strain. 

The  importance  of  making  proper  use  of  the 
dampers  is.  not  always  appreciated.  With  single 
part  ash-pans,  one  damper,  and  that  ordinarily 
the  rear  one,  will  be  found  most  economical. 
By  opening  both  dampers  when  the  engine  is 
working  lightly  with  a  thin  fire,  too  much  air 
will  be  admitted,  and  as  air  drawn  through  a  fire 
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in  excess  of  the  amount  required  for  combustion 
tends  to  cool  tlio  gsises  below  the  point  of  igni- 
tion, waste  of  fuel  results.  Closing  the  dampers 
pi-events  the  admission  of  air  through  the  fire. 
Tliis  stops  combustion  and  leaves  the  fire-box  and 
flue  sheets  to  gradually  cool  off.  Opening  wide 
the  tire-box  door  will  only  partially  prevent  the 
draft  through  the  fire,  -while  it  admits  cold  air 
directly  onto  the  flues  and  sheets  surrounding 
the  fire-box,  thereby  cooling  them  so  suddenly  as 
to  Cause  leaks.  * 

In  tiring,  the  requirements  of  the  service 
should  be  anticipated.  A  veavy  fire  should  not 
be  maintained  when  steam  is  to  be  shut  off 
wholly  or  partially.  A  hard  pull,  on  the  other 
baud,  should  be  anticipated. 

Iu  starting,  the  coal  s.hould  be  well  ignited  so 
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great  discomfort,  when  careless  or  unskillful 
firing  is  exercised. 

It  should  be  borne  in  mind,  in  approaching  a 
stopping  place,  that  a  saving  of  fuel  will  result 
from  letting  the  steam  drop  back  a  few  pounds, 
rather  than  to  allow  it  to  escape  through  the 
safety  valves.  When  it  is  found  necessary  to 
reduce  the  steam  pressure,  the  dampers  should 
be  closed,  rather  than  the  fire-box  door  opened. 
The  injector  may  also  be  started  if  the  boiler  is 
not  already  too  full;  if  it  is,  the  steam  may,  in 
many  cases,  be  utilized  by  turning  it  into  the 
tank  to  warm  the  water  therein.* 

The  ash-pan  (139)  and  the  front  end  (14)  should 
be  cleaned  whenever  opportunity  presents  itself. 
A  set  rule  cannot  be  laid  down  asto  the  frequency 
with  which  these  duties  should  be  performed. 
No  great  amount  of  labor  will  be  required  in 
cleaning  the  front  end  of  cinders  if  the  draft  ap- 
pliances are  good  and  there  are  no  steam  leaks. 

In  regard  to  the  ash-pan,  it  will  fill  up  more  or 
less  quickly  according  to  the  grade  of  coal  and 
the  amount  used.  With  ,a  poor  grade  of  coal,  it 
may  become  necessary  to  clean  the  ash-pan  on 
the  road.  The  better  steaming  of  the  engine 
will  more  than  compensate  for  time  thus  lost, 
and  it  may  result  that  failure  to  perform  this 
duty  will  necessitate  the  consumption  of  two  or 
three  additional  tons  of  coal  on  a  trip. 

When  sufficient  air  is  not  admitted  through 
the  body  of  the  fire,  there  is  a  loss  through  the 
smoke-stack  of  about  two-thirds,  or  more,  of  the 

"Practical  experiment  has  demonstrated  that  every  11  decreet 
'Tahr.)  increase  in  the  temperature  of  the  food  water  producea 
about  one  per  cent,  economy  in  the  locomotive  boAtet. 
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heating  properties  of  coal.  This  shows  the  im- 
portance of  keeping  as  thin  a  fire  as  is  consistent 
with  the  working  of  the  engine. 

While  it  is  possible  for  a  man  to  become  an 
adept  without  having  studied  the  laws  of  com- 
bustion, it  is  nevertheless  true  that  if  he  be  thus 
skilled,  he  is  obeying  those  laws.  To  such  a  one 
the  study  of  combustion  may  be  more  interest- 
ing than  beneficial,  but  to  others  study  will  open 
up  an  avenue  to  the  knowledge  they  should  pos- 
sess if  they  would  serve  their  employer  accept- 
ably. Men  ignorant  of  the  laws  of  combustion, 
who  stumble  into  the  right  path,  would  attain  it 
much  easier  and  more  quickly  by  study.  All, 
therefore,  should    study  the  subject,  and    this 
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Among  many  other  things  appertaining  to  en- 
gineers, the  study  of  friction  and  the  knowledge 
of  what  is  dependent  thereon  is  essential.  Eco- 
nomical and  effective  use  of  oil  cannot  be  attained 
without  it. 

Aside  from  information  relative  to  more  prac- 
tical things,  the  engineer  and  fireman  must  know 
what  clothing  to  wear,  and  the  food  best  suited 
to  their  requirements. 

They  must  study  particularly  the  best  methods 
of  doing  repair  work:  packing  glands,  cellars  and 
boxes;  removing  brasses;  keying  rods;  setting 
wedges,  and  work  of  a  like  nature  about  the  en- 
gine and  tender. 

No  one  is  qualified,  it  may  be  said,  to  operate 
an  engine,  who  does  not  know  in  advance  what 
to  do  in  every  emergency  of  train  service.  He 
must  be  able  to  act  quickly  and  in  the  light  of 
the  best  practices.  In  the  cases  of  delays  and 
mishaps,  there  is  no  time  to  study  up  questions 
or  situations.  The  man  in  charge  must  be  able 
to  act  instantly.  There  are,  in  the  generality  of 
cases,  preferred  methods  of  procedure  in  the  case 
of  bre.ak-downs  and  other  mishaps.  With  these, 
the  engineer  should   be  familiar.     He    is   also 

ticularly,  in  several  Instances,  to  bituminous  coal.  Where 
anthracite  coal  or  wood  is  used  therefor,  modifications  will  be 
required  according  to  the  nature  of  the  fuel  and  the  class  of 
fire-box  and  engine.  However,  the  general  rule  requiring  that 
the  fuel  shall  be  so  used  as  to  burn  most  freely  and  create  the 
maximum  intensity  of  heat  with  the  least  fuel  possible,  applies 
in  every  case.  Tbis  is  also  true  In  regard  to  keeping  the 
grates  free  of  clinkers  and  ashes. 
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expected  to  be  able  to  make  such  repairs  on  the 
road  as  are  possible  under  the  circumstances;  to 
be  able  to  temporarily  adjust  eccentrics  or  the  , 
front-end  appliances,  set  wedges,  and  disconnect 
the  engine;  to  be  skillful  in  the  treatment  of  hot 
journals  or  bearings,  and  have  an  ear  so  trained 
as  to  be  able  to  detect  and  locate  a  blow  or  a 
pound  that  may  cause  a  break-down. 

The  faculty  of  observation  is  to  be  cultivated 
by  engineers  and  firemen.  Some  men,  without 
apparent  effort,  are  ever  conscious  of  what  is 
going  on  about  them,  while  others  see  nothing. 
It  is  necessary  that  the  defect  of  the  latter  should 
be  corrected  if  they  would  become  valuable  in 
their  places.  Everyone  ambitious  of  preferment 
should  seek  information  from  the  better  informed 
men  about  them,  and  should  not  lie  rebuffed  or 
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It  is  a  duty  required  of  engineers,  in  many 
cases,  that  they  shall  reach  the  engine-house 
while  their  engine  is  over  the  pit,  that  they  may 
thus  be  enabled  to  examine  it  from  underneath, 
to  better  advantage.  They  are  also  expected  to 
inspect  the  packing  of  truck  cellars,  see  that  the 
bolts  and  nuts -are  tight,  look  after  the  eccentrics 
and  see  that  the  oil  holes  are  clear  and  oil  cups 
filled.  As  the  engineer  is  responsible  for  the 
fulfillment  of  the  fireman's  duties,  he  is  also 
required  to  see  that  they  are  not  neglected. 

When  the  engineer  does  not  know  in  advance 
the  engine  he  is  to  run  (that  is,  when  the  en- 
gines are  pooled  or  worked  in  common),  he  must, 
upon  taking  charge,  exercise  greater  care  than 
he  would  otherwise,  to  see  that  it  is  provided 
with  necessary  tools,  blocking  and  other  appli- 
ances. He  should  also  examine  the  work-book 
in  such  cases,  to  see  what  repairs  were  last 
reported  as  being  necessary  and  what  has  actually 
been  done.  Parts  that  have  been  repaired  always 
require  more  attention  than  others,  because  of 
the  friction  that  intervenes  in  such  cases.  The 
inspection  of  the  engine  and  tender  by  the  en- 
gineer, it  is  apparent,  is  the  first  thing  to  be  done 
on  taking  charge.  The  work  should  be  system- 
atic and  thorough.  In  those  instances  where  the 
roundhouse  force  looks  after  the  packing  of  the 
driving  boxes,  tank  boxes,  truck  cellars,  and  so 
on,  the  engineer  must  still  see  that  the  work  has 
been  done  properly.  Many  engineers  insist  on 
doing  it  themselves,  {is  they  feel  greater  coufi- 
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deuce  that  they  will  get  over  the  road  promptly 
and  without  mishap  than  they  would  if  the  work 
was  performed  by  an  employe  of  the  roundhouse. 
Among  the  further,  duties  of  the  engineer  these 
may  be  briefly  summarized:  To  see  that  the 
water  supply  in  the  boiler  is  ample  —  this  he 
does  by  trying  the  gauge  cocks  and  noting  the 
indication  in  the  water  glass;  to  try  the  gauge 
cocks  frequently  when  on  the  road,  using  the 
water  glass  as  an  auxiliary  or  indicator  merely; 
to  look  from  time  to  time  into  the  fire-box  for 
leaks,  and  if  the  engine  has  an  arch,  to  see  that 
it  is  in  place;  to  inspect  the  air  pump  and  its 
lubricator,  the  guides,  guide  bolts,  crosshead  and 
piston  rod  packing,  hearings,  rods  and  rod  bolts, 
keys  aud  set  screws,  wedges  and  wedge  bolts;  to 
see  in    filling  oil   cups  that  the   amount  of  oil 
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engine  house  that  the  cylinder  cock  is  opened;  to 
start  the  engine  slowly  and  under  no  circum- 
stances to  slip  the  engine  for  the  purpose  of 
throwing  the  water  out  of  the  cylinders;  in  back- 
ing the  engine  to  the  train,  to  see  that  the  lubri- 
cator is  started  and  all  parts  of  the  engine  work- 
ing in  good  order;  to  lubricate  all  parts  of  the 
engine  before  starting  a  train;  to  place  the 
reverse  lever  in  starting  in  the  "corner"  and 
open  the  throttle  slowly  and  carefully  so  as  to 
avoid  jerking  the  train  or  slipping  the  wheels;  to 
be  particular  if  the  rails  are  slippery  or  the  load 
requires  it;  to  sand  the  track  before  the  wheels 
begin  to  slip;  to  be  careful  not  to  "catch"  the 
engine  when  slipping  on  sand,  as  it  is  a  severe 
strain  to  the  machinery,  and  pins  and  rods  fre- 
quently break  under  such  circumstances;  to  use 
in  sanding  the  rail  only  so  much  sand  as  is  neces- 
sary to  keep  the  wheels  from  slipping,  as  a  train 
pulls  harder  on  a  sanded  rail;  to  see  when  head- 
way is  attained  that  the  reverse  lever  is  pulled 
back  to  prevent  unnecessary  waste  of  steam  and 
undue  disturbance  of  the  fire  by  too  strong  a 
draft;  in  starting  (and  also  at  other  times)  to  look 
back  and  exchange  such  signals  with  the  rear  end 
ot  the  train  as  may  be  necessary  to  be  assured 
that  the  train  is  intact  and  in  proper  working 
order;  to  use  full  opening  of  the  throttle  except 
where  a  simple  engine  can  do  the  work  required 
with  less  than  one-fourth  cut-off,  in  which 
latter  event  it  is  economical  to  leave  the  cut-off 
at  one-fourth   and  regulate  the  steam  by  the 
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throttle;*  to  see  that  water  is  supplied  the  boilers 
in  as  nearly  a  continuous  flow  as  possible,  to  see 
that  the  water  is,  so  far  as  practicable,  kept  at  a 
uniform  height,  not  losing  sight  of  the  fact  that 
water  in  the  boiler  at  a  high  temperature  (or 
indeed  warm  water  in  the  tank)  represents  so 
much  beat  energy  available  when  the  normal 
capacity  of  the  boiler  is  inadequate  to  supply  the 
demand  ;f  to  remember  that  the  time  to  favor  an 
engine  by  reducing  or  entirely  stopping  the  sup- 
ply of  water  to  the  boiler  is  when  moving  rapidly 
towards  an  ascent  or  heavy  grade;:}:  to  see,  when 
approaching  dangerous  places,  drawbridges,  rail- 
road crossings,  interlocking  switches,  yards,  etc., 
that  the  train  is  under  such  control  that  a  stop 
may  be  made,  if  necessary,  before  reaching  the 


OF  TTTE  LOCOMOTIVE  EXGIXEER.  149 

danger  point;*  to  see,  in  stopping,  that  steam  is 
shut  off  a  sufficient  distance  to  permit  slowing 
down  easily;  to  see  that  the  link  is  hooked  down 
to  give  the  valves  more  travel  and  keep  the  valve 
seats  in  better  condition.! 

It  is  the  duty  of  the  engineer  to  see  that  the 
air  brake  is  used  with  care,  bearing  in  mind  that 
it  requires  the  nicest  judgment  and  skill  at  all 
timeft  to  prevent  mishap  or  jarring  of  the  train. 
In  the  event  the  water  in  the  boiler  gets  low 
(through  failure  of  the  pumps,  or  otherwise)  the 
fire  muSt  be  banked  or  drawn.  J  It  may  be  neces- 
sary in  some  instances  to  detach  an  engine  and 
proceed  to  the  nearest  station  for  water  when 
the  supply  is  exhausted.  It  can,  however,  some- 
times be  dipped  from  pools  or  streams  along  the 
track,  or,  in  winter,  snow  may  be  shoveled  into 
the  tank  and  melted.  Everything  should  be  done 
in  such  cases  that  is  consistent  with  safety  to 


•The  speed  limit  in  such  cases  is  usually  placed  at  six  miles 
an  hour,  or  as  fast  as  a  man  can  walk  a  short  distance. 

fThis  will  also  prevent  the  raising  of  the  valves  by  com. 
pression  from  the  cylinders,  and  where  there  are  no  relief 
valves  on  the  steam  chest,  it  will  partially  prevent  the  draw- 
ing of  the  smoke  and  hot  gases  from  the  front  end  into  the  cyl- 
inder. With  some  engines,  having  very  long  eccentric  blades, 
it  is  unsafe  to  hook  the  links  down  to  the  lowest  point  while 
running  fast,  as  in  such  cases  a  broken  eccentric  strap  might 
follow. 

%  "  Banking"  a  fire  usually  means  covering  it  with  fine  coal, 
well  wet  down,  but  sometimes  it  is  advisable  to  cover  with 
ashes  or  sand,  which  will  practically  extinguish  it.  "Drawing" 
ox  "dumping"  the  fire  means  knocking  it  through  the  grates 
and  extinguishing  it  entirely. 
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keep  the  engine  alive,  but  it  is  considered  highly 
discreditable  to  "burn"  an  eugine. 

IE  the  engine  is  priming  or  foaming,  the  cause 
thereof  must  be  ascertained  and  the  necessary 
remedies  applied.* 

In  the  care  of  the  locomotive  it  must  be  re- 
membered, among  other  things,  that  water  pro- 
jected from  the  smoke  stack  injures  the  paint  on 
both  the  engine  and  cars.  It  looks  bad  moreover. 
In  summer,  after  filling  the  tank  with  cold  water, 
the  heater  should  be  applied  long  enough  to  pre- 
vent the  tank  sweating.  Failure  to  observe  this 
simple  precaution  may  greatly  injure  the  paint 
on  the  tank. 

An  important  duty  of  the  engineer  is  to  see 
that  the  safety  valves  are  regulated  according  to 
the  steam  pressure  allowed  the  engine.     Many 
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whenever  he  may  have  reason  to  believe  there  is 
anything  defective  therewith. 

At  water  and  coaling  stations,  the  engineer 
should  utilize  the  time  to  inspect  the  bearings 
and  running  gear  of  the  engine  and  tender  and 
supply  needed  lubrication. 

It  is  a  duty  of  engineers  to  carefully  inspect 
their  engines  at  terminals,  and  notify  the  official 
at  the  engine-house  what  work  is  required  to  fit 
them  for  economical  and  effective  use.  Hot  bear- 
ings should  also  be  reported  so  that  they  may  be 
examined  at  the  shop,  and  in  the  event  another 
person  is  put  in  charge  of  the  engine,  that  he  may 
be  notified  of  the  same. 

Returns  giving  an  account  of  delays;  overtime, 
accidents,  and  for  other  purposes,  should  be  made 
and  transmitted  to  the  proper  officer  as  soon  after 
arrival  at  the  terminal  station  as  possible. 

In  order  that  there  may  be  no  unnecessary  loss 
of  time  in  communicating  with  engineers  and  fire- 
men when  off  duty,  their  addresses  should  be  left 
with  the  foremen  of  engine-houses,  or  other  desig- 
nated officials. 

In  closing  these  instructions,  it  will  be  proper 
to  again  call  attention  to  the  necessity  of  wise  and 
economical  use  of  tools  and  supplies.  Engineers 
and  firemen  cannot  hope  to  make  satisfactory 
records  otherwise.  Questions  affecting  the  use  of 
tools  and  supplies  grow  more  and  more  important 
every  year  because  measures  for  ascertaining  the 
care  exercised  are  becoming  more  and  more  effect- 
ive each  year.    The  subject  is  therefore,  it  will  be 
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seen,  one  of  supreme  importance  to  the  employe 
as  well  as  to  the  employer. 


The  foregoing  account  of  the  duties  and  respon- 
sibilitiesof  engineers  and  firemen,  while  complete 
so  far  as  it  goes,  is,  as  I  have  already  explained, 
necessarily  limited.  At  least  two  of  my  books 
treat  almost  wholly  of  matters  with  which  the 
engineer  must  be  more  or  less  familiar  in  order 
to  perform  Ins  work  intelligently.  It  lias  been 
my  particular  endeavor  here  to  group  certain 
specific  things  that  master  mechanics  anil  super- 
intendents of  motive  power  consider  especially 
important  to  the  safe  and  economical  working 
of  engines.  The  account,  however,  as  already 
intimated,  is  incomplete,  because  the  duties  of 


A  CHAPTER  OP  DON'TS  FOR  ENGINEERS 

AND  FIREMEN. 

"First.  Don't  think  because  you  are  only  one 
engineer  or  fireman,  that  what  you  do  does  not 
amount  to  much.  It  is  the  little  drops  of  water 
that  make  the  mighty  ocean,  and  the  little  grains 
of  sand  that  make  up  this  earth  of  ours;  so  each 
individual,  in  the  aggregate,  can  do  a  great  deal. 
If  each  engine  crew  saves  one-quarter  of  a  ton  or 
five  hundred  pounds  of  coal,  this  on  a  thousand 
locomotives  would  result  in  a  daily  saving  of  two 
hundred  and  fifty  tons,  or  in  round  figures  $157,- 
000  a  year. 

"Second.  Don't  neglect  being  at  roundhouse  in 
ample  time  to  examine  the  firing  tools  on  the 
engine  before  leaving  the  roundhouse.  See  that 
your  ashpan,  grates  and  flue-sheets  are  in  good 
condition  to  make  the  run. 

"Third.  Don't  fill  the  boiler  full  of  water  as 
soon  as  you  get  out  of  the  house.  Leave  a  space 
so  the  injector  can  be  worked  to  prevent  pop- 
ping while  air  pump  exhaust  is  fanning  the  fire, 
pumping  air  to  make  the  terminal  air  brake  test. 
If  you  do  this  your  fire  will  be  in  better  condi- 
tion to  pull  out  with.  The  noise  of  open  pop 
prevents  trainmen  from  locating  leaks. 

"Don't  forget  to  start  the  lubricator  a  few  min- 
utes before  leaving  a  terminal.      Set  it  to  feed 

(132a) 
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regularly.  The  proper  lubrication  of  valves  and 
cylinders  saves  coal. 

"Fourth.  Don't  forget,  when  starting  trains, 
to  do  so  carefully,  thus  preventing  damage  to 
drawbars  and  draft  rigging.  By  so  doing  you 
will  save  serious  delays  to  your  own  as  well  as 
other  trains.  All  delays  mean  extra  fuel  con- 
sumption to  make  up  time  lost. 

"Don't  neglect  using  the  blow-off  cock,  aa  it 
keeps  the  boiler  clean  and  water  in  good  condi- 
tion, and  insures  better  circulation  in  boiler. 
Result:  Better  steaming  engine  and  a  saving  in 
coal, 

"Fifth.  Don't  allow  the  engine  to  slip.  This 
is  an  unnecessary  waste  of  coal,  wears  out  tires 
and  rails,  causes  great  damage  to  pins,  axles  and 
running  gear,  and  generally  results  in  spoiling  a 
foe. 
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throttle  well  open,  usually  gives  better  results 
than  using  the  throttle  to  govern  the  speed.  Up 
to  five  years  ago  we  considered  it  good  practice 
with  our  smaller  power  to  run  with  wide  open 
throttle,  and  as  short  a  point  of  cut-off  as  possi- 
ble consistent  with  weight  of  train;  but  in  our 
heavier  and  larger  engines  we  find  that  it  is  bet- 
ter at  many  times  to  throttle  the  engine.  Par- 
ticular attention  is  called  to  all  wide  fire-box  type 
of  locomotives.  The  engineer  can  permit  the 
reverse  lever  in  these  engines  to  remain  low  in 
the  quadrant  when  starting  from  a  station  for  a 
greater  length  of  time  than  with  the  other  types 
of  locomotives  without  pulling  the  fire  or  losing 
steam.  When  you  are  running  on  short  time, 
it  would  be  good  judgment  for  the  engineer  to 
take  advantage  of  this  when  pulling  out  from  a 
station.  In  this  engineers  will  use  their  best 
judgment. 

"Eighth.  Dorit  put  four  or  five  or  more  shov- 
elfuls of  coal  into  the  fire  at  once.  One  or  two 
shovelfuls  will  give  better  results,  and  these  two 
should  not  be  thrown  in  the  same  spot.  It  is 
good  practice  to  fire  on  one  side  of  the  box  at 
one  time,  and  the  next  time  on  the  other  side  of 
the  box,  in  order  that  the  bright  fire  on  one  side 
may  take  up  the  gases  from  the  fresh  coal  on 
the  other  side.  This  will  reduce  the  smoke  and 
give  more  steam. 

"Always  fire  as  light  as  possible  consistent  with 
your  work.  Very  heavy  firing  will  make  your 
flues  and  staybolts  leak,  and  in  time  will  crack 
your  fire-box  sheets.     The  reason  for  this  is  that 
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when  you  have  a  very  heavy  fire  the  air  will  not 
pass  up  through  it  readily,  and  the  gases  pass  off, 
hecause  there  is  not  sufficient  oxygen  to  unite 
with  them  to  produce  combustion,  and  as  the  gases 
must  get  air  from  somewhere,  the  air  is  then 
pulled  through  the  fire-door,  causing  the  chilling 
of  flues  and  sheets  as  referred  to  above. 

"Ninth.  Don't  allow  steam  to  escape  at  pops 
unnecessarily.  Frequent  blowing  off  at  pops 
shows  improper  judgment,  and  implies  that  the 
engine  crew  is  not  practicing  economy.  Tests 
have  demonstrated  that  i  lb.  per  second,  or  15  lbs. 
per  minute,  is  wasted.  This  amounts  to  about 
one  ordinary  scoopful,  and  in  most  cases  may  as 
well  have  been  thrown  on  the  ground  as  into  the 
firebox.  There  are  ouly  133  scoopfuls  in  a  ton  of 
coal,  so  you  can  see  that  yqa  would  only  have  to 
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and  to  prevent  this  activity  of  coal,  as  well  as 
increased  combustion  which  follows,  we  consider 
it  a  good  thing  to  drop  your  dampers,  as  per 
above. 

"Eleventh.  Don't  insist  upon  having  the  max- 
imum steam  pressure  with  pops  opening  occa- 
sionally when  handling  light  trains,  when  less 
pressure  will  handle  the  train  on  time,  thus 
avoiding  the  opening  of  pops. 

"Twelfth.  Don't  forget,  when  engine  is  shut 
off  for  stations,  to  drop  your  dampers,  opening 
the  firebox  door  slightly,  if  necessary,  and  using 
the  blower  to  carry  off  the  black  smoke. 

"Thirteenth.  Don't  blame  the  engine  or  coal 
if  engine  is  not  steaming  properly,  before  you 
have  ascertained  whether  or  not  both  of  you  are 
doing  your  duty.  Talk  it  over;  see  if  injector  is 
not  supplying  more  water  than  is  being  used,  or 
that  fireman  is  not  firing  too  light  or  too  heavy. 
Heavy  firing  is  responsible  for  more  poor  steam- 
ing engines  than  the  lighter  method.  You  all 
know  some  engine  crews  have  better  success  than 
others,  with  same  engines  and  conditions.  Think 
a  little;  there  must  be  some  cause  for  this. 

"Don't  wait  until  you  get  the  signal  to  pull  out 
before  building  up  the  fire.  This  should  be  done 
gradually  until  the  proper  thickness  has  been 
reached.  A  good  fire  to  start  with  is  essential 
to  maintain  the  proper  steam  pressure,  while  en- 
gine is  working  hard  getting  train  under  way. 
Afterwards  distribute  the  coal  evenly  on  sides, 
ends  and  corners.  Do  this  systematically,  keep- 
ing in  mind  where  you  have  placed  the  last 
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shovelful,  thus  avoiding  getting  holes  in  fire,  and 
prevent  piling  up  coal  all  in  one  place.  En- 
deavor to  keep  the  steam  pressure  uniform,  with 
as  little  black  smoke  as  possible.  Experience 
has  taught  that  engines  with  draft  appliances 
properly  adjusted  require  very  little  coal  in  cen- 
ter of  firebox. 

"Fourteenth.  DonH  permit  the  water  to  get 
so  high  in  boiler  that  it  is  carried  over  into  the 
valves  and  cylinders.  This  usually  occurs  when 
pulling  out  of  stations,  and  the  water  carries  off 
the  oil,  which  not  only  results  in  cut  valves  and 
cylinders,  but  the  extra  friction  damages  the  en- 
tire valve  motion,  to  the  detriment  of  the  power 
of  engine  and  the  coal  record. 

"Don't  gauge  the  amount  of  water  an  engine 
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you  will  keep  your  engine  from  blowing  off  at 
pops  when  standing  at  stations  after  the  boiler  is 
filled  up.  Yon  have  all  tried  warming  the  water 
in  the  tank  to  help  a  poor  steaming  engine,  with 
good  results.  What  is  good  for  a  poor  steaming 
engine  will  surely  help  a  good  steaming  engine 
do  better.  Try  it  and  you  will  find  that  it 
will  not  only  save  work  for  the  fireman,  hut  will 
make  a  better  coal  record  for  the  engine  crew, 
besides  keeping  the  tank  from  sweating,  which 
you  are  aware  spoils  paint. 

"Sixteenth.  Don't  think  the  fireman  alone  to 
blame  for  your  coal  record.  The  best  and  most 
economical  fireman  cannot  make  a  showing  with 
an  engineer  who  supplies  more  water  to  boiler 
than  is  being  used,  and  who  shuts  injector  off 
only  when  boiler  is  pumped  full.  The  proper 
handling  of  the  injector  is  one  of  the  most  im- 
portant matters  in  saving  coal.  Feed  water  to 
boiler  according  to  demands.  If  on  through  train 
keep  water  level  as  possible.  If  on  way  freight 
or  switch  trains,  lose  a  little  water  between  sta- 
tions. Fill  up  again  while  drifting  into,  stand- 
ing or  switching  at  station.  The  advantages  of 
supplying  less  water  than  is  being  used  between 
stations  are:  It  requires  less  coal  to  keep  up 
steam  pressure  when  running;  also  leaves  a  space 
so  injector  can  be  worked  to  avoid  pops  opening, 
and  heavier  fire  can  also  be  maintained  to  do 
switching,  without  the  possibility  of  the  fire  being 
pulled. 

"Don't  pull  out  after  making  a  stop  with  injec- 
tors working.    The  cool  water  introduced  during 
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period  throttle  was  shut  off  is  put  in  circulation 
throughout  the  boiler,  and  pointer  on  gauge 
drops  back  from  five  to  twenty-five  pounds. 
The  fireman  must  then  fire  heavier  to  regain  the 
lost  steam,  and  naturally  will  use  more  coal. 
This  condition  exists  also  when  engine  has  gone 
down  grade  with  throttle  shut  or  slightly  open. 
Shut  the  injector  off  before  opening  the  throttle. 
If  this  is  not  your  practice,  try  it  and  note  the 
difference. 

"Seventeenth.  Don't  wait  for  the  pops  to  open, 
and  use  this  as  a  sigDal  to  put  on  the  injector. 
Keep  an  eye  on  the  air  gauge,  steam  gauge  and 
water  glass.  You  all  know  this  can  be  done 
without  distracting  your  attention  from  the  track 
ahead.  A  look  for  an  instant  every  mile  or  two 
will  keep  you  informed, and isagood  habit.  Do- 
ing this  will  also  keep  you  posted  ou  air  pressure, 
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which  results  in  forward  section  of  grates  becom- 
ing stuck  and  clinkered  over,  and  fire  is  pulled 
in  back  end  of  firebox.  Experience  and  obser- 
vation will  teach  you  to  put  most  of  the  coal  in 
back  end  of  firebox. 

"Nineteenth.  Don't  think  engine  having  two 
firebox  doors  requires  twice  the  quantity  of  coal 
it  would  if  engine  had  but  one.  The  extra  door 
is  for  the  purpose  of  distributing  the  coal  more 
evenly  over  the  grate  surface,  with  less  effort  on 
the  part  of  the  fireman. 

"Twentieth.  Don't  shovel  large  chunks  of  coal 
into  firebox,  because  you  find  them  on  the  tank. 
The  coal  house  men  have  instructions  to  break  it 
the  size  of  an  apple.  If  not  properly  broken,  re- 
port it  to  Road  Foreman  of  Engines  or  to  Master 
Mechanic,  instead  of  fellow  engineers  or  firemen, 
but  don't  think  it  a  hardship  to  break  some  oc- 
casionally. Better  break  it  than  to  throw  in 
large  chunks.     They  are  foundations  for  clinkers. 

"Twenty-first.  DonH  expect  the  fireman  to 
fire  the  engine  with  one  or  two  scoops  to  each 
fire,  and  also  ring  the  bell  for  highway  crossings 
and  stations.  Some  engineers  expect  this.  If 
engine  is  equipped  with  an  air  bell-ringer,  get 
into  the  habit  of  starting  the  bell-ringer  when 
blowing  the  whistle.  By  so  doing,  the  habit  will 
become  as  fixed  as  whistling  for  crossings  and 
stations.  Besides,  it  is  just  as  important.  Re- 
member the  engineer  is  responsible. 

"Twenty-Second.  Don't  put  in  a  heavy  fire 
about  the  time  the  engine  is  shut  off  for  a  station 
or  down-grade.     The  heavy  cloud  of  black  smoke 
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is  evidence  the  engine  crew  is  not  working  in 
harmony  or  practicing  economy.  If  on  train 
that  stops  at  ail  stations,  the  fireman  should 
guard  against  it  and  learn  when  to  stop  firing. 
He  will  be  governed  by  grade,  service  and  weather 
conditions.  If  train  does  not  make  all  station 
stops,  the  engineer  should  keep  the  fireman  in- 
formed of  intended  stops. 

"Twenty-third.  Don't  forget  that  different 
qualities  of  coal  and  different  maksof  grate  used, 
govern  the  shaking  of  grates.  Coal  that  fills  up 
and  clinkers,  requires  more  attention  than  the 
better  grade.  The  object  is  to  keep  the  grates 
free,  so  the  proper  amount  of  air  can  be  admitted, 

"Twenty-fourth.  Don't  neglect  cleaning  your 
fire  on  trains  that  are  long  hours  on  the  road. 
Make  use  of  the  first  opportunity.    You  will  get 
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"Twenty-sixth.  DonH  try  to  put  more  coal  on 
tank  than  will  lay  on  it  securely.  All  coal 
dropped  off  by  overloading  is  wasted.  Also  keep 
coal  from  falling  out  of  gangway  when  running. 
This  may  be  only  a  little  each  day,  but  it  all 
counts  against  your  coal  records  besides  it  looks 
badly  when  strewn  along  the  tracks.  You  can 
not  save  coal  by  the  ton ;  it  must  be  in  pounds, 
which  in  time  makes  tons. 

"Twenty-seventh.  Don't  forget  to  make  an  in- 
telligent report  on  your  work  slip  on  arrival  at 
Bound  House.  Consult  your  fireman  in  regard 
to  any  defect  that  has  come  to  his  notice,  es- 
pecially with  grates,  dampers  or  firing  tools. 

"Twenty-eighth.  Don't  neglect  reporting  the 
pop  valves  ground  in  when  leaking  or  when  they 
blow  back  eight  or  ten  pounds  before  seating. 
Also  report  leaky  piston  rod  and  valve  stem  pack- 
ings, or  if  cylinder  packing  or  valves  are  blow- 
ing. All  these  leaks  draw  on  the  coal  pile  un- 
necessarily ;  it  takes  coal  to  generate  the  wasted 
steam.  This  also  applies  to  leaky  steam  heat 
appliances,  cylinder  cocks,  etc. 

"Twenty-ninth.  Don't  neglect  looking  at  coal 
report  each  month  to  see  how  you  stand  in  re- 
lation to  others  in  same  service  with  whom  you 
are  comparable.  The  other  crews  get  the  same 
pay  you  do,  and  it  should  be  your  aim  to  be  as 
economical  with  both  fuel  and  supplies  as  they 
are,  other  things  being  equal.  Keep  posted  and 
be  with  the  average.  It  will  be  .to  your  credit 
and  interest  some  time  ;  therefore  aim  to  be  at 
the  top. 
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"Thirtieth.  Don't  think  when  coal  report 
shows  you  using  only  two  pounds  more  per  100 
ton  mile  than  other  crews  in  same  service,  it  is 
close  enough.  This  means  two  pounds  more 
used  for  every  mile  you  hauled  100  tons — or  an- 
other way,  two  pounds  for  every  100  tons  hauled 
one  mile.  Figure  this  up  and  you  will  tind  in 
hauling  1,000  tons  100  miles,  a  difference  of  2,000 
pounds  or  one  ton.  This  method  of  showing  up 
the  individual  record  is  more  equitable  to  all 
than  on  basis  of  mile  run  per  ton  of  coal. 

"Thirty-first.  Don't  think,  after  reading  over 
this  chapter  of  "Don'te"  you  should  save  coal  to 
the  detriment  of  the  service.  The  actual  amount 
required  to  make  up  time,  keep  on  time,  or  handle 
tonnage,  is  not  what  we  are  trying  to  save  ;  it  is 
the  waste."* 
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CHAPTER  I. 

engineers'  and  firemen's  manual,  continued — 
compound  locomotives — introductory. 


Note — In  regard  to  the  merits  of  the  compound  cylinder  as 
compared  with  the  single-expansion,  I  do  not  desire  nor  profess 
to  express  any  opinion.  I  merely  wish  to  describe  the  compound 
cylinder  in  what  follows,  and,  if  in  some  places  preference  seems 
to  be  expressed,  it  is  the  claim  of  builders  and  not  mine.  Those 
who  use  locomotives  must  themselves  be  the  judges  of  the  re- 
spective merits  of  single-expansion  and  compound  cylinders  and 
of  the  particular  pattern  they  want. 

M.  M.  K. 


In  view  of  the  fact  that  the  Compound  Loco- 
motive is  of  comparatively  recent  introduction  as 
compared  with  the  single-expansion  cylinder,  its 
construction  and  working  are  less  understood  by 
those  connected  with  the  equipment  department 
of  railroads.  These  particulars  I  have,  for  that 
reason,  thought  it  best  to  embody  here  in  con- 
nection with  the  "Engineers'  and  Firemen's 
Manual."  More  and  more  attention  is  being 
given  to  the  expansive  use  of  steam  in  connection 
with  the  locomotive.  It  is  claimed  not  to  be  un- 
reasonable in  view  of  the  triple  and  the  quadruple 
expansion  of  steam  (expansion  in  three  and  four 
cylinders)  in  the  most  approved  stationary  and 
marine  engines  that  it  should  be  possible  to  de- 
vise practical  means  of  obtaining  double  expan- 
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sion,  at  least,  in  a  locomotive.  Because  of  the 
more  or  less  general  introduction  of  compound 
cylinders,  someaccount  of  theworkingof  thecom- 
pound  locomotive  is  becoming  every  day  more 
and  more  necessary  to  those  connected  with  the 
machinery  and  equipment  of  railroads.  Indeed, 
practical  familiarity  with  the  working  of  com- 
pound engines  may  be  said  to  have  become,  in  a 
measure,  a  necessary  part  of  the  knowledge  of 
every  engineer  and  fireman,  for  the  reason  that 
their  duties  may  at  any  time,  through  promotion 
or  otherwise,  take  them  to  roads  where  some 
form  of  compound  locomotive  is  extensively  used. 
Moreover,  it  is  well  that  their  attention  be  espe- 
cially directed  to  the  subject  in  order  that  it  may 
have  the  consideration  and  scrutiny  at  their 
hands  which  its  growing  importance  justifies  and 
their  practical  knowledge  is  likely  to  render  so 
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of  their  engine  the  reputation  of  the  engineer 
and  fireman  is  at  stake.  The  opportunity  af- 
forded them  for  handling  and  studying  any  odd 
engine,  compound  or  otherwise,  is  necessarily 
limited.  Moreover,  in  the  operation  of  such  lo- 
comotive, it  is  possible  they  may  be  impressed 
with  the  unhandy,  because  unusual,  cab  arrange- 
ments. Naturally,  they  are  filled  with  appre- 
hension, lest  some  accident  might  occur  and 
they  be  found  ignorant  of  what  should  be  done 
to  temporarily  repair  the  engine  and  bring  it  in. 
If  a  considerable  number  of  the  locomotives  of  a 
railroad  are  compounds  of  similar  class,  the  men 
handling  them  become  accustomed  to  their  opera- 
tion and  this  fear  disappears.  It  is  with  a  view 
to  the  practical  usefulness  these  pages  may  have 
for  engineers,  firemen,  and  others  interested  in 
the  operation  of  compounds,  that  the  descrip- 
tions herein  are  elaborated  to  the  extent  they  are. 
The  plan  followed  with  each  class  of  compound 
locomotives  is,  first,  to  give  a  general  description 
of  its  operation,  succeeded  by  a  detailed  descrip- 
tion of  its  technical  parts.  This  is  done  that  the 
reader  may,  in  the  first  instance,  if  he  desires, 
learn  of  the  general  arrangement  of  each  class 
without  the  details,  and  afterwards,  at  his  leisure, 
he  may  apply  himself  to  the  particular  class  or 
classes  that  most  interest  him.  Following  the 
description  of  each  class  of  compounds  will  be 
found,  in  catechetical  form,  information  relating 
to  its  operation  in  case  of  any  ordinary  derange- 
ment of  its  parts  when  the  methods  of  procedure 
will  differ  from  those  in  case  of  similar  accidents 
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to  simple  locomotives,  as  outlined  in  the  manual. 
It  is  said  that  reforms  must  pass  through 
three  stages:  ridicule,  argument,  and  adoption. 
The  compound  has  been  subjected  to  the  first 
and  second  of  these  epochs,  and  it  may  be  as- 
sumed to  have  reached  the  last  stage  mentioned. 
Like  every  part  of  a  railroad,  it  is  still  in  a  state  of 
evolution.  I  know  of  no  preference  in  regard  to 
compounds  that  is  proper  to  express  here.  The 
order  of  description  has,  therefore,  no  signifi- 
cance. In  the  description  of  the  various  types  I 
have  endeavored  to  eliminate  all  matter  that 
does  not  pertain  directly  to  the  practical  appli- 
cation of  the  principle  of  compounding,  as  de- 
scriptions relating  to  other  parts  of  the  locomo- 
tive are  to  be  found  elsewhere  in  "The  Science 
of  Railways."  In  relation  to  the  descriptions 
01  the  compound,  I  wish  to  say  that  I  am   in- 


CHAPTER  II. 

ENGINEERS'  AND  FIREMEN'S  MANUAL  —  COMPOUND 
LOCOMOTIVES  —  GENERAL  DESCRIPTION  —  COM- 
PARISON  WITH   SIMPLE    LOCOMOTIVES. 

A  compound  locomotive  is  one  in  which  the 
exhaust  from  one  or  more  cylinders  is  passed 
into  one  or  more  other  cylinders  and  made  to  do 
more  work  by  further  expansion  before  it  is  al- 
lowed to  escape  to  the  atmosphere.  In  stationary 
and  marine  service  the  principle  of  compounding 
has  long  since  passed  its  experimental  stage  and, 
following  the  replacement  of  the  single-expansion 
engine  by  the  double-expansion  type,  came  the 
era  of  high  boiler  pressures  with  triple  and  even 
quadruple-expansion  engines  in  marine  service. 
It  was  long  thought  by  many,  and  is  still  held 
by  some,  that,  although  compounding  of  steam 
in  marine  and  stationary  engines  was  a  great 
economy  due  to  the  use  of  the  condenser,*  on 
locomotives  where  condensers  were  impractic- 
able, the  compound  locomotive  would  not  be  able 
to  gain  sufficient  advantage  over  the  simple 
engine  to  warrant  their  general  use. 

Without  any  attempt  to  pass  judgment  upon 
the  relative  value  of  the  points  put  forward  for 
and  against  compound  locomotives,  I  will  out- 


*A  condenser  is  a  chamber  into  which  the  final  exhaust  of  an 
engine  takes  place  and  in  which  the  steam  is  cooled  and  con- 
densed, either  by  a  jet  of  water  or  by  contact  with  sheets  or 
tubes  having  cold  water  circulation  on  their  opposite  sides. 
These  two  forms  of  condensers  are  termed  "jet  condenser"  and 
"surface  condenser,"  respectively. 
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line  some  of  the  claims  made  by  their  advocates 
and  also  some  of  the  practical  objections  met 
with  in  their  use,  many  of  which  objections 
have     been     largely    o  vercome     in     the     later 


It  should  be  remembered  that  the  locomotive 
is  not  a  steam  engine  merely,  but  consists  of  a 
boiler  as  well,  and  must  also  carry  water  and  fuel 
for  its  own  demands. 

The  first  advantage  of  the  compound  over  the 
simple  locomotive  comes  from  its  greater  economy 
in  fuel,  resulting  primarily  from  the  saving  in 
steam.  There  is.  however,  a  secondary  saving,  pro- 
duced by  the  less  violent  effect  of  the  exhaust  upon 
the  fire  and  also  the  economical  use  of  high  boiler 
pressures  in  compound  engines. 

Experiments  have  shown  that  high  boiler  pres- 
sures, say  above  180  poiinds,  which  have  been 
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cost  or  for  maintenance  of  high-pressure  boilers. 
In  simple  locomotives  the  exhaust  produces 
such  a  violent  draft  upon  the  fire  that  great 
quantities  of  unconsumed  fuel  are  drawn  from 
the  fire-box  and  thrown  from  the  stack.  This  is 
not  alone  a  waste  of  fuel,  but  cinders  entering 
the  open  car  windows  are  a  source  of  great  an- 
noyance to  passengers,  while,  before  the  use  of 
the  compound  locomotive  in  the  service  of  subur- 
ban railways,  the  noise  of  the  exhaust  had  to  be 
overcome  by  means  of  mufflers,  which  became 
quickly  choked  up  and  produced  a  high  back- 
pressure on  the  pistons,  resulting  in  the  loss  of 
from  15  to  20  per  cent,  of  the  power. 

The  throwing  of  sparks  from  the  stack  is  not 
only  a  source  of  annoyance,  but  frequently  re- 
sults in  heavy  losses  from  damage  by  fire -in  tim- 
ber and  agricultural  districts,  and  this  is  largely, 
if  not  entirely,  overcome  by  the  compound 
locomotive. 

The  heating  surfaces  of  any  given  boiler  absorb 
heat  from  the  fire  and  deliver  it  to  the  water  at 
a  certain  rate.  If  the  rate  at  which  the  products 
of  combustion  are  carried  away  exceeds  this  rate 
of  absorption,  there  will  be  a  continual  waste 
that  can  only  be  overcome  by  reducing  the  veloc- 
ity of  the  products  of  combustion.  In  the  com- 
pound locomotive  this  is  effected  by  the  milder 
exhaust.  It  has  been  clearly  demonstrated  by 
experiment,  that  a  milder  exhaust  and  conse- 
quently a  slower  rate  of  combustion  produces  a 
greater  evaporation  of  water  per  pound  of  fuel. 

The  milder  exhaust  is,  of  course,  the  result  of  a 
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lower  back-pressure  and  thereby  permits  a  greater 
effective  power  on  the  piston. 

There  i.s  also  found  to  be  considerable  reduction 
in  cylinder  condensation,  owing  to  the  relatively 
.nnall  variation  of  temperatures  in  each  cylinder 
as  compared  with  single-expansion  engines.  In 
any  engine  the  walls  of  the  cylinder,  one  cylinder- 
head,  and  one  side  of  the  piston  are  cooled  to  the 
temperature  of  the  exhaust  steam  during  each 
stroke,  and  the  live  steam,  again  entering,  must 
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both  water  and  fuel.  The  economy  in  fuel  can 
be  directly  reduced  to  dollars  and  cents,  while 
that  resulting  from  the  saving  of  water  is  more 
indirect.  In  bad  water  districts,  the  reduction 
of  from  15  to  20  per  cent,  in  the  amount  of  water 
used,  necessitates  less  frequent  washings-out  of 
the  boiler  and  must  result  in  greater  life  and 
diminished  repairs  to  boiler  and  flues.  Moreover, 
as  its  carrying  capacity  of  water  limits  the  dis- 
tance that  a  locomotive  can  run  without  stopping 
(or  slowing  up,  where  track-tanks  are  used),  it  is 
evident  that  the  compound  locomotive  would  have 
an  advantage  in  this  respect.  Fig.  100,  besides 
showing  the  most  economical  point  of  cut-off  for 
simple  and  compound  engines,  as  far  as  the  use 
of  water  is  concerned,  clearly  shows  the  relatively 
smaller  amount  of  water  used  by  the  compound 
per  indicated  horse  power. 

No  locomotive  can  haul  more  than  its  adhesion 
to  the  rails  will  permit,  and  hence  the  tractive 
power  of  an  engine  is  based  upon  whatever  the 
adhesion  to  the  rails  may  be.  This  is  determined 
by  practical  experiment.  With  a  fairly  dry  rail, 
a  turning  force  of  more  than  one-fifth,  or  20  per 
cent.,  of  the  weight  of  the  drivers  on  the  rails, 
will  cause  the  wheels  to  slip;  a  perfectly  dry  rail 
will  permit  of  a  tractive  power  of  about  one- 
fourth,  or  25  per  cent.,  of  the  weight  on  the 
drivers;  a  well  sanded  dry  rail  will  allow  one- 
third,  or  33£  per  cent.,  while  a  bad  frosty  rail 
will  permit  less  than  half  this  last  amount. 
Where  all  the  driving  wheels  are  connected,  it 
matters  not,  of  course,  whether  this  force  is  ap- 
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plied  by  one  or  many  cylinders,  but,  if  the  power 

is  not  uniformly  distributed  throughout  the  revo- 
lution and  becomes  sufficiently  excessive  at  any 
one  point  to  cause  the  wheels  to  slip,  a  very 
much  less  power  will  thereafter  keep  them  slip- 
ping. It  is  a  well  known  fact  that  adhesion,  and 
consequently  the  tractive  power  of  a  locomotive, 
is  very  much  reduced  after  the  wheels  begin  to 
slip.* 

It  is  claimed  for  the  compound,  that,  as  the 
average  cut-off  is  later  in  both  cylinders  than  for 
simple  engines,  the  turning  power  is  more  uni- 
form throughout  the  revolution,  and  hence  heavier 
trains  can  be  hauled  than  with  the  single-expan- 
sion engine.  Then,  too,  while  it  would  be  un- 
economical at  other  times  to  design  a  simple 
engine  with  cylinders  sufficiently  large  to  develop 
so  high  a  tractive  power  as  33if  per  cent,  at  slow 
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oil  is  supplied  to  the  high-pressure  cylinder  only, 
and  hence,  in  the  two-cylinder  class  of  com- 
pounds, a  saying  has  been  effected  in  many  cases. 

Comparative  tests  of  greater  or  less  duration 
have  been  made  by  various  railways,  between 
compound  and  simple  locomotives  of  otherwise 
similar  construction,  and  the  results  obtained  by 
the  different  experimenters  are  widely  at  vari- 
ance. In  general,  it  may  be  said  that  the  re- 
ported saving  in  fuel  with  the  compound  is  about 
ten  per  cent,  in  fast  passenger  and  20  per  cent, 
in  heavy  freight  service,  although  figures  double 
the  latter  have  frequently  been  given.* 

Later  design&of  compound  locomotives,  arranged 
to  be  worked  simple  at  the  will  of  the  engineer,  will 
temporarily  pull  a  heavier  train  than  a  simple 
engine  of  otherwise  like  design.  When  it  is  con- 
sidered that  the  ruling  grade  on  a  division  is  the 
governing  factor  for  the  maximum  rating  of 
through  trains  over  the  whole  division,  it  will  be 
seen  that  a  locomotive  capable  of  enough  greater 
power  to  haul  an  additional  car  or  two  up  that 
grade,  produces  more  economical  service  for  the 
whole  division. 

Leaky  valves  and  cylinder  packing  are  less 
wasteful  in  a  compound  than  in  a  simple  engine. 
Steam  leaking  by  the  valve  or  packing  of  the 
high-pressure  cylinder  is  still  worked  expansively 


♦Fast  freight  service  will  more  nearly  compare  with  express 
passenger  service  and  the  saving  will  be  less  than  in  heavy  slow 
freight  service,  on  account  of  the  simple  engine  using  steam 
more  expansively  in  the  former  service  than  in  the  latter.  This 
is  more  fully  brought  out  elsewhere. 
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in  the  low-pressure  cylinder.  Then,  too,  the  dif- 
ference of  pressure  between  the  two  sides  of  the 
valves  and  pistons  is  less  than  for  simple  engines, 
and  the  wear  should  be  consequently  less. 

On  the  other  hand  many  serious  practical  ob- 
jections have  been  raised.  The  large  cylinders 
greatly  increased  the  weight  of  the  reciprocating 
parts.*  This  must  bo  followed  by  heavier  coun- 
ter-balancef  weights  and  their  accompanying 
evils.  J  Also  larger  ports  and  consequently  larger 
valves  must  be  provided  for  the  large  cylinders. 
Inasmuch  as  considerable  difficulty  was  formerly 
experienced  in  obtaining  admission  and  exhaust 
ports  of  sufficient  size  for  the  cylinders  of 
large  high-speed  single-expansion  engines,  it  is 
not  remarkable  that  there  should  have  been  con- 
siderable trouble  experienced  from  this  source  in 
designing  ports  for  the  much  larger  cylinders  of 
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quirements,  let  us  see  for  one  moment  what  the 
requirements  for  high  speed  are.  Take  an  engine 
with  a  five  foot  driving  wheel  and  a  twenty-four 
inch  stroke,  traveling  at  the  not  unusual  rate  of 
a  mile  a  minute.  This  requires  336  revolutions 
per  minute,  and  means  that  the  piston  starts  and 
stops  672  times,  and  with  all  its  stopping  and 
starting  travels  1344  feet  per  minute.  At  mid- 
stroke  the  piston  speed  is  about  35  feet  per  second 
or  24  miles  per  hour.  To  the  average  railway 
man  high  speeds  are  so  common  that  I  can  think 
of  no  better  way  to  show  the  full  meaning  of 
these  figures  than  to  compare  them  with  those  of 
a  falling  body  acted  upon  by  gravity.  A  falling 
body  at  the  end  of  the  first  second  is  traveling  at 
the  rate  of  32  feet  per  second,  or  about  22  miles 
per  hour,  and  in  gaining  this  speed  the  body  has 
fallen  some  16  feet,  through  which  distance  the 
continued  action  of  gravity  has  produced  this  not 
inconsiderable  acceleration,  while  in  the  case  of 
the  piston  of  the  locomotive  in  question,  the  still 
greater  speed  of  24  miles  per  hour  must  not  only 
be  attained  by  the  time  the  piston  has  reached 
the  middle  of  its  stroke,  or  in  one  foot,  but  also 
it  must  be  exerting  great  additional  propelling 
power  on  the  crank  pins.  The  steam  in  front  of 
this  rapidly  moving  piston  must  be  exhausted 
freely  or  there  would  be  no  effective  power  to 
maintain  the  speed.  Where  the  reciprocating  parts 
weigh  nearly  a  thousand  pounds,  it  will  be  seen 
what  enormous  power  is  required  to  stop  and 
start  them  without  jar  or  shock  to  the  loco- 
motive, and  also  the  size  of  ports  required  to 
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freely  exhaust  the  pressure  ahead  of  and  freely 
supply  steam  behind  the  very  large  pistons  of 
compound  locomotives.  With  any  of  the  several 
types  of  valve  gear  used  in  locomotive  practice 
to-day,  it  goes  without  saying  that  no  compound 
can  be  relatively  so  efficient,  in  comparison  with 
single-expansion  engines,  in  express  passenger  as 
in  freight  service,  for  the  reasons  hereinbefore 
described.  When  many  single-expansion  loco- 
motives with  moderately  large  ports  require  a  ve- 
locity of  steam  through  their  ports  of  over  1,000 
feet  per  second,  it  can  better  be  imagined  than 
told  what,  the  port  requirements  are  for  the  large 
low-pressure  cylinder  on  a  compound.  It  is  gen- 
erally considered  that  for  express  passenger  serv- 
ice the  low-pressure  cylinders  should  not  be  so 
large  in  proportion  to  the  high-pressure  cylinders 
as  for  freight  service. 
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cooling  of  the  cylinders,  as  well  as  a  strong  draft 
in  the  stack  at  a  time  when  no  steam  and  little 
draft  are  required,  and  thus  produce  a  waste  of 
fuel.  The  large  low-pressure  cylinders  of  the 
compound  have  greatly  magnified  this  evil,  and 
several  builders  have  overcome  it  by  the  use  of 
automatic  valves  on  the  low-pressure  cylinder,  by 
which  the  two  sides  of  the  low-pressure  piston  are 
connected  whenever  the  locomotive  is  drifting. 

After  closing  the  throttle,  an  engine  working 
compound  will  make  several  strokes  before  all 
steam  is  finally  exhausted.  This  delay  in  clear- 
ing the  cylinders  of  steam,  placed  compound 
locomotives  to  considerable  disadvantage  in 
switching  or  like  service;  also,  in  such  service, 
accustomed  to  gauge  the  speed  by  the  exhaust 
of  the  engine,  trainmen  were  often  deceived  by 
the  less  frequent  exhaust  of  the  two-cylinder  com- 
pound. The  employment  of  the  separate  high- 
pressure  exhaust,  whereby  the  engine  can  be  run 
simple  at  the  will  of  the  engineer,  it  appears, 
has  overcome  these  objections  from  an  operating 
standpoint. 

Many  of  the  earlier  forms  of  intercepting  valves 
were  of  the  poppet  type  and  hammered  badly  in 
opening  or  closing.  It  will  be  noticed  that  these 
valves  in  the  later  designs  are  of  the  piston  type 
and  are  almost  invariably  cushioned  by  dash-pots 
connected  thereto,  or  some  other  equally  effective 
means. 

It  is  also  claimed  that  the  breakage  and  loosen- 
ing of  the  large  low-pressure  cylinders  have  been 
considerably  done  away  with  by  the  use  of  proper 
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reducing  valves  and  a  better  attachment  of  cylin- 
ders to  the  frame,  the  use  of  double  front  rails  for 
the  latter  being  particularly  noticeable  in  modern 
construction  of  large  locomotives. 

Thus  it  is  that  improvements  in  design  and  con- 
struction are  continually  taking  place,  and  the 
upholders  of  the  great  principle  of  compounding 
will  certainly  witness  their  more  extensive  adapta- 
tion to  all  classes  of  service. 


^«MMMB- 


CHAPTER  III. 


ENGINEERS'  AND  FIREMEN'S  MANUAL — CLA88ES  OP 
COMPOUND  LOCOMOTIVES  AND  THEIR  GENERAL 
CONSTRUCTION. 


There  are  many  classes  of  compound  locomo- 
tives in  use.  First,  the  strictly  plain  compound, 
where  no  live  steam  is  admitted  to  the  low-pres- 
sure cylinder,  even  in  starting.  The  Webb  three- 
cylinder  compounds  (with  cylinders  arranged  as 
outlined  in  Fig.  106,)  which  are  usually  with- 
out connecting  rods — the  two  high-pressure  cylin- 
ders turning  the  rear  pair  of  driving  wheels  by 

two  outside  cranks  while 
the  low-pressure  cylinder 
turns  the  forward  drivers 
by  means  of  an  inside 
crank  —  belong  to  this 
class  and  are  used  in  con- 
siderable numbers  on  the 
London  &  North-Western 
of  England.  They  are  not 
powerful  in  starting,  as 
the  driving  wheels  acted 
upon  by  the  high-pressure  cylinders  must  turn, 
either  by  slipping  or  moving  the  train,  before 
steam  enters  the  low-pressure  cylinder. 

Second,  automatic  compounds — those  using  live 
steam  in  the  low-pressure  cylinder  in  starting 
only,  automatically  changing  to  compound  with 
the  first  stroke,  and  thereafter  cannot  be  run  ex- 
cept as  compounds. 

171 


172         ENGINEERS-  AND  FIREMEN'S  MANUAL. 

The  1  bird  class  can  be  run  simple  or  compound 
at  any  time  at  the  will  of  the  engineer  and  will 
be  termed  convertible  compounds. 

Each  of  these  principal  classes  may  have  two, 
three,  or  four  cylinders.  The  two-cylinder  or  "cross- 
compound"  always  has  an  intermediate  recepta- 
cle, called  a  receiver,*  between  the  high  and  low- 
pressure  cylinders,  while 
the  four- cylinder  en- 
gines may  or  may  not 
have  receivers  —  those 
with  both  pistons  at- 
tached to  the  same 
crosshcad     generally 

©/       \   have   not.      The   three 
f  jd-f.  J  systems  of  four-cylinder 
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The  arrangement  of  cylinders  is  quite  varied, 
as  shown  by  the  several  skeleton  cuts.  There 
may  be  two  cylinders,  one  high -pressure  and  one 

low-pressure,  as  outlined  in 
Figs.  101,  102  and  103;  one 
high  and  two  low-pressure, 
as  in  Figs.  104  and  105;  two 
high-pressure  and  one  low 
into  which  they  both  ex- 
haust, as  in  Fig.  106;  two 
high*,  each  exhausting  in- 
dependently into  a  low- 
pressure  cylinder  on  the 
same  side  of  the  engine, 
shown  in  Figs.  107, 108,  109 
and  110;  or  two  high  ex- 
hausting into  a  common  receiver  from  which 
both  low-pressure  cylinders  draw  their  supply,  as 
in  Figs.  Ill  and  112.  Aside  from  the  varied  ar- 
rangement of  cylinders, 
many  of  the  European 
designs  employ  three 
and  four  cranks  and  use 
no  side  rods.  Some 
French  constructions, 
retaining  the  use  of  side 
rods,  employ  for  the 
high-pressure  cylinders 
two  inside  cranks  on 
one  driving  axle  at  an 
angle  with  the  low- 
pressure  cranks  on  a 
second  driving  axle,  the  angle  between  the  cranks 
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being  such  as  to  give  as  large  a  turning  power  as 
possible,  for  all  portions  of  the  revolution. 

It  is,  perhaps,  needless  to  say  that  the  wide 
variations  in  the  service 
of  American  locomotives 
demand  that  they  have  a 
large  starting  power  at  all 
points  of  the  stroke.  To 
obtain  this  starting  power, 
all  the  earlier  designs 
used  a  device  called  an  m- 

Ntercepting  valve   that,  if 

/closed  in  starting,  cutoff 
communication  between 
the  receiver  and  the  low- 

-pressure  cylinder  and  at 
the  same  time   admitted 

pressure  side,  but  after  the 
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in  1876,  was  also  the  first  to  devise  a  means  by 
which  a  compound  could  be  worked  as  a  simple 
locomotive  for  any  desired  period  at  the  will  of 
the  engineer.  This  was  accomplished  by  adding 
a  separate  exhaust  valve  through  which  the  ex- 
haust from  the  high-pressure  cylinder  could  escape 
to  the  atmosphere  without  accumulating  in  the 
receiver.  This  relieved  all  back  pressure  on  the 
high-pressure  piston  and  admitted  of  greater  power 
at  slow  speed  than  was  otherwise  obtained. 
Many  objections  were  raised  to  placing  the 

operation   of   the   engine 

either  as  a  simple  or  as  a 

compound   in  the   hands 

of  the  engineer,  and  the 

fear  was  freely  expressed 

^    ^  that  the  average  engineer 

^\      "**     "      (&\   would  run  the  locomotive 

^-^  ^-^    to    its    disadvantage    in 

simple  position  more  than 
enough  to  offset  the  sav- 
ing when  operated  as  a 
compound.  However,  one 
#'     #  prominent  railroad  officer, 

in  placing  the  operation  of  the  valves  at  the  will 
of  the  engineer,  seemed  to  express  the  now  settled 
conviction  of  all,  when  he  said:  "To  argue  that  an 

*It  should  also  be  stated  that  not  only  were  the  automatic 
compounds  less  powerful,  at  slow  speeds  after  starting,  than 
simple  engines,  but,  except  in  the  case  of  four-cylinder  engines 
having  one  high  and  one  low-pressure  cylinder  on  the  same  side 
they  were  practically  helpless  in  case  of  a  broken  steam  chest 
on  either  side.  The  use  of  the  separate  exhaust  valve  has  greatly 
altered  the  conditions  in  these  cases. 
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engineer  is  likely  to  work  simple  any  longer  than 
absolutely  necessary,  is  about,  the  same  as  saying 
that  an  engineer  with  the  ordinary  engine  cannot 
be  trusted  to  pull  the  reverse  lever  up  as  soon  as 
possible." 

Later  practice  interposed,  within  or  near  the 
intercepting  valve,  a  reducing  valve,  which  is 
used  to  admit  live  steam,  at  a  reduced  pressure 
only,  into  the  low-pressure  cylinderwhen  starting 
or  when  working  simple.  This  reduced  the 
abnormal  shocks  that  were 
produced  when  starting 
large  compounds  of  earlier 
design.  The  reducing 
valve,  the  intercepting 
valve,  aud  the  separate 
\  exhaust  valve  were  so 
Jclosely  combined  in  many 
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of  compound  locomotives,  has  seemingly  solved 
the  problem  by  dividing  the  low-pressure  cylinder 
into  two  cylinders,  as  shown  in  Fig.  105,  of  smaller 
size  attached  to  the  same  crosshead.  With  such 
a  construction  it  would  appear  that  the  boiler 
would-still  be  the  limiting  feature  of  the  size  of 
the  compound  as  well  as  the  simple  locomotive. 
The  proper  cylinder  ratio  of  compounds  for  all 
varieties  of  service  is  still  somewhat  undeter- 
mined. By  the  cylinder  ratio  is  meant  the  propor- 
tion between  the  volumes  of  the  high  and  the 
low-pressure  cylinders,  not  including  the  clearance 
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spaces.  In  American  practice  where  the  length 
of  stroke  is  the  same,  the  cylinder  ratio  would 
be  as  the  areas  of  the  two  pistons,  and  it  can 
readily  be  found  by  multiplying  the  diameter  of 
each  cylinder  by  itself  and  comparing  the  two 
products.  For  instance,  to  find  the  cylinder  ra- 
tio of  an  engine  with  a  20  inch  high  and  a  30 
inch  low-pressure  cylinder,  multiply  20x20  equals 
400;  30x30  equals  900;  400  goes  in  900  two  and 
one-fourth  times,  which  is  the  cylinder  ratio. 
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The  early  practice  m  this  country  with  two 
cylinder  compounds  gave  a  ratio  of  two  to  one 
or  even  less,  but  extended  experiment  has  dem- 
onstrated that  a  greater 
proportion  than  this  is 
advisable  and  many 
compounds  of  this  class ' 
have  a  low-pressure  cyl- 
inder from  two  and  one- 
half  to  two  and  three- 
quarters  times  larger 
than  their  high-pressure 
cylinder.  The  Baldwin 
works  used  a  ratio  of  3 
to  1  in  their  Vauclain 
'9'  '  four  -cylinder  com- 

for  both  passenger  and  freight  service  for 
of  years  and  consider  the  results  emi- 


CLASSES  OF  COMPOUND  LOCOMOTIVES. 


179 


for  different  service  and  different  points  of  cut-off, 
nor  should  this  equal  division  of  power  between 
the  cylinders  be  given  anything  but  secondary 
consideration  in  comparison  with  the  total  econ- 
omy of  the  locomotive.  To  partially  equalize  the 
power  of  compounds,  the  amounts  of  lap  and  lead 
are  not  the  same  for  both  cylinders;  one  builder 
uses  a  separate  lever  in  the  cab  for  independ- 
ently adjusting  the  travel  of  the  low-pressure 
valve,  as  fully  described  elsewhere. 
There  seems  to  be  no  general  rule  followed  by 

builders  in  this  country 
as  to  which  cylinder  of 
a  two-c  y  1  i  n  d  e  r  com- 
pound should  be  placed 
on  the  right-hand  or 
engineer's  side  of  the 
engine.  Generally  the 
intercepting  valves  are 
located  on  the  engi- 
neer's side  to  make  their 
connections  as  simple  as 
possible,  and  hence,  ac- 
cording as  the  design 
contemplates  the  plac- 
ing of  this  valve  adjacent  to  the  high  or  the  low- 
pressure  cylinder,  that  one  is  placed  on  the  right- 
hand  side.  But  even  this  rule  is  not  without 
exception.* 

*It  would  seem  as  though  the  intercepting  valve,  if  placed 
between  the  high-pressure  cylinder  and  the  receiver,  would  cause 
less  wire-drawing  of  steam  to  the  low-pressure  cylinder  than  if 
located  between  the  latter  and  the  receiver. 


(**&  **-  V  X^jUKM 


J 


IPO        ENGINEERS'  AND  FIREMEN'S  MANUAL. 

Some  compounds  have  cylinder  casings  both  of 
the  same  size,  but  with  the  advent  of  the  thirty- 
four  or  thirty-live  inch  low-pressure  cylinder  it 
seemed  to  many  advisable  to  place  it  on  the 
engineer's  side  with  the  thought  of  its  better  pro- 
tection from  damage  if  within  his  vision,  and,  fur- 
thermore, that  the  high-pressure  cylinder  casing 
be  made  no  larger  than  necessary  for  reason  of 
its  better  protection  from  accident. 

It  is  becoming  the  general  practice  on  com- 
pounds of  any  size  to  place  combination  safety  and 
relief  valves  on  the  receiver  and  the  low-pressure 
chest  and  cylinder  heads  to  avoid  damage  in  case 
of  broken  reducing  valve  or  other  accident  that 
might  produce  unsafe  pressure  on  that  side. 


CHAPTER  IV. 

ENGINEERS'  AND  FIREMEN'S  MANUAL  —  QUE8TI0NS 
AND  AN8WER3  ON  THE  OPERATION  OP  COM- 
POUND  LOCOMOTIVES   IN    GENERAL. 

In  what  respects  should  the  instructions  for 
firing  compound  locomotives  differ  from  those  for 
single-expansion  engines,  as  described  in  the 
Manual  ?  On  account  of  the  effect  of  the  milder 
exhaust  on  the  fire,  the  fireman  should  carry  the 
tire  as  light  as  possible  and  yet  keep  a  thin  layer 
of  coal  in  a  well  ignited  state  over  the  entire 
surface  of  the  grates. 

Should  the  engineer  observe  any  difference 
between  the  operation  of  a  compound  and  a 
simple  locomotive?  Perhaps  the  most  important 
thing  is  that  the  engineer  must  accustom  himself 
to  use  the  reverse  lever  for  what  it  is  intended, 
not  hesitating  to  increase  the  valve  travel  when- 
ever necessary,  and  converting  the  engine  to 
"simple"  only  at  low  speeds  and  after  the  maxi- 
mum power  of  the  engine  working  compound  is 
found  insufficient.  There  will  be  no  such  waste 
of  steam  from  lack  of  expansion  (see  Fig.  100) 
nor  such  serious  injury  to  the  fire  by  working  the 
valves  full  gear  as  is  the  result  with  single-expan- 
sion engines.  Do  not  expect  to  find  the  best  run- 
ning position  of  the  reverse  lever  as  near  the  cen- 
ter of  the  quadrant  as  with  a  simple  engine.  The 
►  engine  will  do  better  work  with  the  lever  nearer 
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full  gear,  just  how  far  depending,  of  course,  on 
the  varying  conditions  of  train,  grade,  and  speed; 
but,  in  general,  do  not  cut  the  lever  back  too  far. 
The  eugine  throttle  should  usually  be  run  as 
wide  open  as  possible,  but  judgment  must  be 
used  in  this  respect  according  to  the  existing  cir- 
cumstances. An  engine  designed  for  heavy ' 
freight  service  may  do  better  under  very  light 
work  or  in  passenger  service,  if  throttled. 

In  order  to  move  and  stop  engines  quickly 
when  desired,  as  for  engine-house  or  turn-table 
work,  how  is  it  advisable  that  compound  engines 
be  handled?  Their  valves  should  be  kept  in 
simple  or  starting  position  whenever  their  con- 
struction will  permit,  in  order  that  the  engines 
may  be  moved  with  the  least  necessary  opening 
of  the  throttle  and  that,  when  the  throttle  is 
closed,  the  pressure  remaining  in  the  pipes  will 
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powerful  at  slow  piston  speeds,  the  ports  used  for 
starting  are  generally  so  small  that  a  rapid 
movement  of  the  piston  will  so  greatly  reduce 
the  effective  pressure  on  the  piston  as  to  cause 
the  slipping  to  cease,  many  times  without  closing 
the  throttle. 

What  harm  results  from  frequent  slipping  for 
only  a  part  of  a  revolution  ?  This  will  occur  each 
time  at  that  part  of  the  stroke  where  the  turning 
power  is  the  greatest  and  finally  wear  the  tires 
out  of  round,  so  that  the  wheels  will  pound  badly 
at  high  speeds,  thus  causing  damage  to  the 
machinery  and  track  besides  making  the  engine 
ride  hard. 

Wherein  does  the  lubrication  of  their  cylinders 
differ  from  that  of  simple  engines?  Oil  need 
only  be  supplied  to  the  high-pressure  cylinder  or 
cylinders,  when  the  engine  is  working  compound. 
Hence  a  four-cylinder  compound  would  be  lubri- 
cated, as  usual,  on  both  sides  of  the  engine,  but 
a  two-cylinder,  or  cross-compound,  would  require 
oil  only  in  the  one  high-pressure  cylinder  when 
working  in  compound  position.  In  this  latter 
class,  valve  oil  should  be  supplied  to  the  low- 
pressure  cylinder,  however,  when  the  engine  is 
starting  or  running  simple,  but  immediately  shut 
off  as  soon  as  the  change  is  made  to  compound 
working. 

What  are  apt  to  be  the  injurious  consequences 
of  feeding  oil  to  the  low-pressure  side  when  the 
engine  is  working  compound?  There  being  then 
no  supply  of  live  steam  through  the  reducing  and 
the  intercepting  valves,  the  oil  would  settle  there 
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and  gum  these  valves  so  as  to  cause  them  to 
stick  and,  possibly,  become  inoperative. 

When  is  it  advisable  to  work  the  compound  as 
a  simple  engine?  In  starting  very  heavy  trains, 
and  also  on  heavy  grades  when  it  is  seen  that 
the  power  as  a  compound  with  the  valve  in  full 
gear  is  insufficient. 

When  the  engine  can.  be  run  simple  for  any 
period  at  the  will  of  the  engineer,  above  what 
speed  is  it  impracticable  to  do  so?  Above  a 
speed  exceeding  six  or  eight  miles  an  hour. 

What  is  the  reason  for  this?  Because,  as  out- 
lined elsewhere,  the  special  ports  for  use  when 
the  compound  locomotive  is  working  simple  are 
usually  purposely  designed  too  small  to  permit 
of  much  speed. 

If  special  valves  for  use  when  the  engine  is 
drifting  are  not  provided,  what  is  it  advisable  to 
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be  disconnected  in  cases  of  accident?  On  the 
disabled  side,  always  block  securely  at  both  ends 
of  the  crosshead  and  firmly  secure  the  valve,  under 
all  ordinary  circumstances,  in  the  center  of  its 
seat? 

What  is  usually  the  cut-off  in  the  high-pres- 
sure cylinder  with  the  reverse  lever  hooked  up  ? 
Some  builders  cut  no  notches  higher  up  in  the 
quadrant  than  would  give  a  cut-off  at  one-half 
stroke,  while  others  notch  the  quadrant  all  the 
way  up  to  the  center. 

Why  is  it  not  necessary  to  have  notches  in  the 
quadrant  for  shorter  cut-off  than  one-half?  A 
shorter  cut-off  than  one-half  for  a  compound  loco- 
motive is  generally  inadvisable  for  reasons  anal- 
agous  to  those  hereinbefore  urged  against  a  shorter 
cut-off  than  one-fourth  for  a  simple  locomotive; 
also  it  prevents  damage  that  might  ensue  from 
excessive  compression.  With  a  ratio  of  2  to  1  be- 
tween the  sizes  of  the  low  and  the  high-pressure  cyl- 
inders, one-half  cut-off  gives  practically  four  ex- 
pansions, a  three-fourths  cut-off  gives  two  and  two- 
thirds  expansions;  with  a  cylinder  ratio  of  3  to 
1,  one-half  cut-off  gives  about  six,  and  three- 
fourths  cut-off  about  four  expansions.  Fig.  100 
clearly  shows,  that,  while  the  most  economical 
cut-off  (as  far  as  the  amount  of  steam  used  is 
concerned)  is  about  one-quarter  of  the  stroke  for 
single-expansion  engines,  it  is  about  one-half 
stroke  for  compounds.  Lighter  work  than  is 
produced  by  full  throttle  and  one-half  cut-off  in 
the  high-pressure  cylinder  can  best  be  obtained 
by  throttling  the  engine. 

13  vol  1.4 
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In  what  way  does  the  use  of  a  separate  exhaust 
valve  give  greater  power  to  the  two-cylinder  com- 
pound at  slow  speeds?  Assuming  200  pounds 
boiler  pressure  and  a  cylinder  ratio  of  2i  to 
1,  the  high-pressure  exhaust  reaches  about  57 
pounds  when  the  engine  is  working  compound. 
This  pressure  is  the  receiver  pressure  and  becomes 
the  initial  pressure  (at  slow  speeds)  in  the  low- 
pressure  cylinder.  When  working  simple,  the 
reducing  valve  permits  about  80  pounds  of  live 
steam  to  pass  into  the  low-pressure  cylinder,  thus 
considerably  increasing  the  power  in  that  cylin- 
der. The  high-pressure  piston  also  exerts  an 
equally  increased  power  when  working  simple, 
as  the  back  pressure  of  57  pounds  is  removed  by 
the  separate  exhaust  valve. 
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movement  of  a  small  lever  in  the  cab  which  also 
operates  the  cylinder  cocks. 

The  principal  features  of  construction  are  as 
follows: 

The  cylinders  consist  of  one  high-pressure  and 
one  low-pressure  cylinder  for  each  side,  the  ratio 
of  their  volumes  being  as  nearly  3  to  1  as  the 
employment  of  convenient  measurements  will 
allow.  They  are  cast  in  one  piece  with  the  cylin- 
drical valve  chamber  and  the  saddle,  the  cylin- 

fig.  J  13 
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ders  being  placed  one  directly  above  the  other 
and  as  close  together  as  they  can  be  with  ade- 
quate walls  between  them.  Figs.  113  and  114 
show  the  proximity  of  the  two  cylinders,  while 
in  Fig.  115,  which  shows  the  arrangement  of  the 
cylinders  in  relation  to  the  valve,  the  actual  con- 
struction is  distorted  for  illustrative  purposes. 

The  valve  used  to  distribute  the  steam  to  the 
cylinders  is  of  the  piston  type,  working  in  a  cyl- 
indrical steam   chest  located   in  the   saddle   of 
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the  cylinder  casting  as  close  to  the  cylinders  as 
possible  and  between  them  and  the  smoke-box, 
as  shown  in  the  figures.  This  chest,"  having 
steam  passages  cast  larger  than  required,  is 
bored  out  enough  larger  than  the  diameter  of 
the  piston  valve  to  permit  the  use  of  a  hard  cast 
iron  bushing.  Fig.  122  shows  this  bashing  and 
one  method  of  forcing  it  into  place  so  that  steam 
tight  joints   will   be  had  between  all  ports;  it 
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cylinder  becomes  the  supply  steam  for  the  low- 
pressure  cylinder  and  is  transmitted  from  one 
side  of  the  high-pressure  cylinder  to  the  opposite 
Tiff.  JIG. 


•Steam  J?istri6ution  ?rt'/A  J$a&n  l4ttt& 
side  of  the  low-pressure  cylinder  through  the  hol- 
low portion  of  the  valve,  as  indicated  by  arrows, 
Fig.  115.     The  supply  steam  for  the  high-pressure 
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cylinder  enters  the  steam  chest  at  both  ends, 
thus  balancing  the  valve  With  the  exception  of 
the  area  of  the  valve-stem  at  the  back  end. 

The  more  common  slide  valve  action  being  so 
much  better  understood  by  the  average  railroad 
man  than  the  piston  valve,  I  will  liken  this  four- 
piston  valve  to  one  slide  valve  within  another 
having  external  admission  and  internal  exhaust  in 
both  cases.     Thus  it  will  be  seen  that  the  outside 
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the  usual  rocker-arm,  indirect  vaWe  motion  is 
used.*  When  the  low-pressure  cylhider  is  put 
above  (Fig.  114)  on  account  of  the  double  front 
rails  of  the  frame,  they  also  prevent  the  use  of 
the  rocker-shaft  and  box  and  the  valve  motion  is 
then  termed  direct-acting,  which  necessitates  a 
different  location  of  the  eccentrics  on  the  axle.* 
Engineers  and  those  employed  in  shops  and 
round-houses  for  setting  valves  and  eccentrics 
should  thoroughly  understand  the  difference  be- 
tween the  position  of  the  eccentrics  with  relation 
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to  the  crank-pins  for  direct  and  indirect  valve 
motion,  as  given  fully  elsewhere  in  the  Manual, 
and  further  brought  out  in  the  Catechism  on 
Accidents  to  Baldwin  Four-Cylinder  Compounds 
hereinafter  contained. 

The  style  of  crosshead  is  shown  in  Fig.  117. 
It  is  made  of  «ast  steel,  to  insure  the  greatest 
strength  with  a  minimum  weight,  the  wearing 
surface  being  lined  with  tin.     The  piston,  shown 

♦Direct  and  indirect  valve  motion  will  be  found  fu'ily  illus- 
trated and  explained  in  the  earlier  chapters  of  the  Manual. 
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in  Fig.  118,  is  also  preferably  made  with  cast 
steel  heads,  the  object  in  both  cases  being  to  re- 
duce the  weight  of  the  reciprocating  parts  to  a 
minimum. 

It  is  obvious,  that,  in  starting  these  locomotives 
from  a  state  of  rest  with  heavy  trains,  it  is  neces- 
sary to  obtain  a  greater  power  than  that  exerted 
by  the  high-pressure  piston  alone,  for  there  would 

Fig.U9 
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valve  (Fig.  119).*  This  is  simply  a  plug-cock 
which  is  opened  by  the  engineer  by  means  of 
suitable  levers  from  the  cab,  to  admit  steam  from 
one  end  of  the  high-pressure  cylinder  to  the  other, 
and  thence,  as  if  it  were  the  ordinary  high-pres^ 
sure  exhaust,  into  the  low-pressure  cylinder.  This 
same  valve  acts  as  a  cylinder  cock  for  both  ends 
of  the  high-pressure  cylinder  and  is  operated  by 
the  same  lever  that  actuates  the  ordinary  cylin- 
der cocks, which  are  in  this  case  on  the  low-pressure 
cylinder,  thus  making,  probably,  the  most  simple 
starting  device  used  on  any  compound  locomotive 
and  one  not  easily  deranged.  The  operation  of 
the  starting  valve  in  conjunction  with  the  cylin- 
der cocks  is  clearly  shown  in  Fig.  120.  The 
starting  valve  should  be  kept  closed  (position  N) 
as  much  as  possible,  as  its  indiscriminate  use 
reduces  the  economy  and  makes  the  locomotive 
"bgy."t 

Air  valves,  to  prevent  a  vacuum,  are  placed  in 
the  steam  passages  of  the  high-pressure  cylinder, 


"This  is  sometimes  called  the  "By-Pass"  valve,  as  it  connects 
the  two  sides  of  the  high -pressure  piston,  but  for  an  entirely  dif- 
ferent purpose  than  that  to  which  the  by-pass  valves  are  put  in 
connection  with  the  low-pressure  cylinder  as  described  herein- 
after under  the  Richmond  and  the  Rogers  compound,  and  for  that 
reason  I  have  not  called  it  a  "by-pass"  valve.  Two  earlier 
forms  of  starting  valves  have  been  used  with  Vauclain  com- 
pounds, but,  Inasmuch  as  they  have  been  superseded  by  this  form 
of  valve,  it  is  not  deemed  necessary  to  illustrate  and  describe 
them  herein. 

tAn  en  glne  which  should  be  capable  of  high  speed  but  is  not, 
and  in  which  the  pressures  work  against  themselves  in  the  cyl- 
inders, is  said  to  be  "logy." 
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a  practice  now  generally  followed  on  all  locomo- 
tives, either  simple  or  compound.  Additional  air 
valves,  marked  ('and  C  in  Fig.  120,  are  placed 
in  connection  with  the  ports  in  the  valve  cham- 
ber leading  to  the  low-pressure  cylinders.  Air 
valves  of  somewhat  different  shape  have  been 
described  and  shown  in  detail  heretofore  in  the 
Manual. 

Water  relief  valves  WW,  Figs.  120  and  121, 
which  are  nothing  more  nor  less  than  pop  valves, 
are  applied  to  the  low-pressure  cylinders  and  at- 
tached to  the  front  and  back  cylinder  heads  to  re- 
lieve excessive  pressure  of  any  kind,  steam  or 
water.  The  spring  in  the  water  relief  valves  on 
these  engines  is  made  to  carry  a  pressure  enough 
greater  than  the  boiler  pressure  to  prevent  their 
discharging  steam  and  water  ordinarily  in  start- 
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undesirable  to  open  the  cylinder  cocks,  the  en- 
gineer should  move  the  starting  lever  in  the 
opposite  direction  from  that  usually  given  it, 

Fi$lZ0. 
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placing  the  starting  valve  handle  in  position  Jt 
Figs.  119  and  120;  that  is,  heshould  push  forward 
the  lever  in  the  cab,  thus  allowing  steam  to  pass 
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through  the  Starting  valve  without  opening  either 
the  low-pressure  cylinder  cocks  or  the  drip  C"  of 
the  starting  valves.  By  further  reference  to  Fig. 
119,  it  will  be  seen  how,  when  the  handle  is  in  po- 
sition A',  ports  A ,  B,  and  drip  C  are  all  connected 
by  the  ports  a,  b,  and  c  of  the  plug;  but  if  the  handle 
is  in  the  opposite  position  ./,  ports  A  and  B  only 
are  connected,  as  b  is  now  at  «  and  c  is  opposite 
B\  in  its  central  position  JV  (normal  position  for 
compound  working),  it  will  be  seen  that  all  ports 
are  closed  as  in  the  figure. 
Tig.  J 22. 
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the  valve,  until  after  the  cylinder  cock  lever  has 
been  placed  in  its  central  position,  but  it  is  often 
necessary  to  open  the  cylinder  cocks  when  at 
full  speed  to  allow  water  caused  by  priming  or 
foaming  to  escape  from  the  cylinders,  and  in  such 
cases  no  disadvantage  is  experienced,  and  the 
reverse  lever  need  not  be  disturbed. 

The  starting  device  is  simply  designed  for. 
use  in  the  starting  of  the  train  and  should  not  be 
used  at  any  other  time  unless  there  is  imminent 
danger  of  stalling  and  the  lever  has  been  previ- 
ously dropped  to  full  gear.     In  other  respects, 
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aside  from  these  here  noted,  the  rules  governing 
the  operation  of  compound  locomotives  in  gen- 
eral should  be  clearly  understood  by  any  engineer 
who  is  liable  to  be  called  upon  to  run  a  compound 
locomotive  of  this  or  other  design. 


The  builders  of    the  Vauclain  four-cylinder 
compound    claim  au    advantage  in   it  over  the 
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two-cylinder  or  "  cross -compound  "  locomotive 
in  simplicity  of  parts,  there  being  no  intercept- 
ing valve,*  and  a  similarity  to  all  the  parts  of  a 
single-expansion  locomotive.  Thus  its  repairs 
will  lie  similar  to  those  of  simple  locomotives. 
To  carry  out  this  simplicity  of  parts,  the  piston 
rods  of  the  high  and  low-pressure  cylinders  are 
of  the  same  diameter  and  designed  strong  enough 
to  withstand  the  severest  strains  of  service. 

The  packing  rings  in  the  valves  are  easily 
replaced  and  the  valve  chest  bushing  can  be 
cheaply  and  easily  renewed.  In  extracting  old 
bushings  it-  is  best  to  split  them  between  the 
ports  with  a  narrow  chisel.  The  new  bushings 
can  be  pressed  in  by  some  such  handy  device  as 
that  shown  in  Fig.  122. 

Aeciimia  to  Baldwin  Four-Cylinder  ("Vattclain") 
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in  the  stack  and  one  through  the  open  cylinder 
head  and  the  latter  exhaust  might  obstruct  the 
engineer's  view,  if  on  his  side,  and  render  the 
procedure  inadvisable. 

With  the  Vauclain  Compound,  at  what  posi- 
tion of  the  reverse  lever  is  work  of  the  two 
cylinders  most  nearly  equalized  ?  At  a  cut-off 
of  about  one-half  the  stroke  in  the  high-pressure 
cylinder. 

When  is  the  work  most  unequal  and  the 
strains  on  the  crosshead  consequently  the  great- 
est ?  In  starting  with  the  engine  working  sim- 
ple, as  then  the  high-pressure  piston  is  nearly 
balanced  by  live  steam  on  both  sides  and  the 
low-pressure  cylinder  obtains  approximately  boiler 
pressure. 

What  results  would  be  likely  should  the  rig- 
ging of  the  cylinder  cocks  and  starting  valve 
become  bent  or  disconnected  ?  Should  one  start- 
ing valve  fail  to  properly  close,  the  exhausts 
would  be  of  unequal  intensity.  If  one  of  them 
failed  to  open  when  required  in  starting,  the 
engine  would  be  weak  on  that  side  as  it  would 
have  to  start  compound,  that  is  with  steam  for  the 
first  stroke  in  the  small  high-pressure  cylinder 
only. 

In  this  latter  event,  when  would  the  first 
exhaust  from  that  side  take  place  ?  Not  until 
the  completion  of  the  return  stroke. 

If  the  cylinder  cocks  open  and  close  with  the 
same  rigging  as  the  by-pass  valve,  why  would  not 
the  engineer  know  thereby  that  the  by-pass  valve 
was  in  position  desired  ?     From  the  previous 
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description  of  this  rigging,  shown  in  Figs.  119 
and  120,  it  should  be  remembered  that  the  cab 
lever  pushed  clear  ahead  opens  the  by-pass  valve, 
but  not  its  drip  nor  the  cylinder  cocks. 

Before  altering  the  valve  motion,  what  else 
should  be  examined  if  the  exhausts  were  of  un- 
equal intensity  \  Examine  for  broken  packing 
rings  in  the  piston  valve  or  the  low-pressure 
cylinder.* 

In  case  a  valve-stera  broke  off  inside  the  chest 
or  the  valve  itself  broke,  would  it  be  certain  of 
discovery  at  once,  as  with  an  ordinary  slide  valve? 
Possibly  it  would  not.  Instances  have  been  cited 
where  compound  locomotives  of  this  system  have 
hauled  passenger  trains  long  distances  with  bro- 
ken valve-stems  and  broken  valves.  The  two 
ends  of  the  valve  being  unbalanced  by  the  area 
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drop  the  reverse  lever  into  full  gear.  Steam 
passing  the  high-pressure  piston  will  appear  at 
the  open  cylinder  cock  of  the  low-pressure  cyl- 
inder, but  at  the  opposite  end  that  would  be 
expected  with  a  simple  engine. 

How  can  it  be  found  if  the  packing  in  the  low- 
pressure  cylinder  is  blowing  ?  Put  the  engine 
on  the  quarter  and  open  the  starting  valve  and 
cylinder  cocks  and  look  for  any  escape  of  steam 
from  the  low-pressure  cylinder  cock  on  the  end 
that  should  be  in  exhaust,  as  with  a  simple  engine. 

0/*£crrjny£M0r/o* 
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With  the  four-cylinder  type,  where  the  large 
low-pressure  cylinder  is  placed  on  top,  as  in  Fig. 
114,  and  direct  valve  motion  is  employed,  how 
should  the  eccentric  rods  on  one  side  stand  with 
the  same  side  of  the  engine  on  the  forward  cen- 
ter ?  They  should  be  crossed,  as  shown  in  skel- 
eton Fig.  123.  A  slipped  eccentric  should  be 
set  the  same  as  for  similar  valve  motion  on  a 
simple  engine,  as  fully  described  heretofore  in  the 
Manual  under  "Third  Examination  of  Firemen." 

14  vol  is 
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THE    BALDWIN    TWO-CYLINDER    COMPOUND. 

The  original  Baldwin  two-cylinder  compound, 
built  in  the  year  1892,  was  of  the  cross-compound 
receiver  type  and,  after  the  first  stroke  or  two. 
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then  employed  were  changed  materially  in  the 
later  design  of  the  two-cylinder  compound  here- 
with illustrated  and  described. 

Their  later  two-cylinder  compound  locomo- 
tives belong  to  the 'class  of  convertible  com- 
pounds, as  they  can  be  operated  either  simple  or 
compound  for  any  length  of  time  by  the  move- 
ment of  a  small  valve  in  the  cab,  as  shown  by  1 
Fig.  128. 

Fig.  124  shows  a  front  view,  giving  the  gen- 
eral arrangement  of  cylinders,  steam,  exhaust  and 
receiver  pipes  in  the  front  end,  and  the  location 
of  the  intercepting  and  reducing  valve  in  the 
saddle  of  the  high-pressure  cylinder.  The  low- 
pressure  cylinder  derives  all  its  pressure  from  the 
receiver  when  running  compound,  as  is  usual  in 
two-cylinder  compounds. 

The  office  of  the  intercepting  valve  is  two-fold. 
It  acts  as  an  intercepting  valve  by  opening  and 
closing  communication  between  the  two  cylin- 
ders, and  also  as  a  separate  exhaust  valve,  by  con- 
necting the  low-pressure  cylinder  with  the  exhaust 
to  the  stack.  This  it  does  by  diverting  the  ex- 
haust from  the  high-pressure  cylinder  either  into 
the  atmosphere,  when  working  single-expansion, 
or  into  the  receiver,  when  working  compound, 
and  is  operated  at  the  will  of  the  engineer. 

The  office  of  the  reducing  valve  is  to  admit 
live  steam  at  a  reduced  pressure  into  the  receiver 
and  thence  to  the  low-pressure  cylinder,  when 
the  engine  is  working  single-expansion,  and  also 
to  close  simultaneously  with  the  changing  of  the 
intercepting  valve  to  the  position  which  causes 
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the  engine  to  work  compound,  so  that  the  receiver 
will  obtain  no  live  steam  from  boiler  when  taking 
the  exhaust  from  high-pressure  cylinder.  The 
performance  of  the  first  above-mentioned  func- 
tion— that  of  reducing  the  pressure  of  live  steam 
delivered  to  the  receiver — is  necessary  in  order 
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Operation  of  the  intercepting  and  reduction 
valves. — In  Figs.  125  and  126  the  intercepting 
valve  is  marked  A  and  the  reducing  valve  C. 
It  will  be  seen  that  they  are  both  cylindrical  in 
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form,  are  placed  in  bushings  having  suitable  ports, 
and  that  coil  springs  hold  them  in  their  normal 
positions  when  no  pressure  is  acting  against  them 
to  overcome  these  springs. 
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In  the  cab  of  the  locomotive  is  placed  an  oper- 
ating valve,  shown  in  Figs.  127  and  128,  having 
two  positions,  marked  "simple"  and  "compound." 
Through  this  operating  valve  a  pressure  of  air  or 
live  steam  is  admitted  toone  side  of  the  reducing 
and  the  intercepting  valves  through  two  pipes 
marked  JJl),  and,  acting  against  the  right  end  of 
valve  A  and  against  the  left  end  of  valve  C,  moves 
both  from  their  normal  positions  shown  in  Fig, 
125  to  those  of  Fig  126.    ' 

The  reducing  valve  C,  when  it  is  not  closed 
permanently  by  live  steam  from  the  operating 
pipe  D,  is  automatically  closed  when  the  pressure 
in  the  receiver  R  is  great  enough  to  produce  as 
much  power  in  the  large  low-pressure  cylinder  as 
is  obtained  in  the  smaller  high-pressure  cylinder. 
For  this  purpose  steam  from  the  receiver  It  can 
pass  through  a  port  /■-'.  raising  the  poppet  valve  F 
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the  small  end.  This  proportion  is  relative  to  the 
respective  sizes  of  the  high  and  the  low-pressure 
cylinders  and  hence  equal  cylinder  power  will  be 
given  both  sides  of  the  engine  in  working  simple. 
When  the  engine  is  standing,  the  lever  of  the 
small  operating  valve,  Figs.  127  and  128,  in  the 
cab  should  be  placed  at  position  marked  "simple," 
and  the  valves  are  then  in  position  for  the  engine 
to  work  as  a  single-expansion  locomotive,  as  the 

steam  pressure  is  relieved 
through  this  cab  valve  from 
the  large  end  of  the  reducing 
valve  and  the  right-hand  end 
of  the  intercepting  valve,  al- 
lowing these  valves  to  as- 
sume (by  the  action  of  their 
springs) their  respective  posi- 
tions shown  in  Fig.  125.  The 
arrows  in  this  figure  illus- 
trate clearly  how  the  steam 
can  pass  from  the  high-pres- 
sure exhaust  through  the 
intercepting  valve  A  to  the 
&»****?  independent  exhaust  B  lead- 
ing to  the  stack  (see  dotted  lines  and  arrows).  At 
the  same  time  the  passage  of  live  steam  to  the  re- 
ceiver— from  which  the  low-pressure  cylinder 
receives  its  supply — takes  place  through  ports  H, 
as  shown  by  other  arrows.  The  receiver  pressure 
is  governed  by  the  automatic  action  of  the  reduc- 
ing valve,  as  previously  explained. 

Thus  the  engine  can  be  used  as  a  single-expan- 
sion locomotive  in  making  up  and  starting  trains, 
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Fig.  12C>,  changing  the  intercepting  and  t". 
icing  valves  quickly,  and,  as  the  ports  a 
11,  noiselessly,  to  the  position  shown  in  tl 
er  figure.  With  the  intercepting  valve  in  th 
tion  it  will  be  seen  that  the  independent  e 
st  B  is  closed  and  steam  from  the  high-pressui 
aust  must  follow  the  course  of  the  arrows  1 

receiver,   passing  around  the  small  redu< 
valve  bushing  and  its  valve  C  which  is  kej 
ed  by  the  live  steam  from  pipe  D. 
t  any  time  the  engineer  may  desire  to  ii 
Lse  the  power  of  the  engine  as,  for  instance 
n  in  danger  of  stalling,  by  moving  the  leve 
the  operating  valve  in  the  cab  to  positio] 
ked   "simple"  the  engine  is  again  change* 
nee  to  a  single-expansion  locomotive. 
ccidents  to  Baldwin  Two-Cylinder  Compound* 
f  ith  one  side  disabled,  what  should  be  done  ii 
^r  to  safely  run  the  engine  in  ?     Disconnec 
disabled  side,  as  advised  for  simple  engines 
;e  the  intercepting  valve  in  position  for  work 

simple  so  as  to  open  the  separate  exhaus 
■j,  and  run  in  with  one  side. 


OPERATION  OF  COMPOUND  LOCOMOTIVES.       209 

and  the  piston  blocked  in  the  position  shown  in 
Fig.  126;  then  the  engine  would  become  an  auto- 
matic compound,  that  is,  would  start  simple  but 
automatically  go  to  compound  after  a  revolution 
or  so. 

What  would  it  be  advisable  to  do  in  case  of  a 
broken  reducing  valve  ?  Use  very  light  throttle  at 
slow  speeds,  or  run  with  a  reduced  boiler  pressure. 

Should  the  small  valves  F  and  G  be  frequently 
inspected  and  cleaned  ?  Yes.  These  valves  and  the 
reducing  and  the  intercepting  calves  become 
gummed  by  the  injudicious  use  of  cylinder  oil  on 
the  low-pressure  side. 

THE    SCHENECTADY   COMPOUND. 

Locomotives  built  by  the  Schenectady  Loco- 
motive Works  are  oftentimes  styled  by  the  older 
railway  men  as  "McQueen"  engines,  although 
the  name  of  the  builders  has  been  as  at  present 
for  many  years. 

These  builders  have  constructed  many  com- 
pound locomotives,  and,  including  the  original 
valve  design,  have  employed  three  styles  of  com- 
pound mechanisms,  but  all  engines  built  have 
been  of  the  two-cylinder  variety  of  compounds. 

Original  Schenectady  Type. — The  original  design 
by  their  then  superintendent,  Mr.  A.  J.  Pitkin, 
consisted  of  an  intercepting  valve  and  a  reducing 
valve.  The  stem  of  the  intercepting  valve  was 
connected  by  levers  to  an  index  in  the  cab,  which 
showed  its  position  to  the  engineer.  These  engines 
belonged  to  the  class  of  automatic  compounds. 
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In  starting  the  engine,  a  small  pipe  from  the 
boiler  through  a  reducing  valve  supplied  steam 
to  the  low-pressure  cylinder  at  a  reduced  pressure. 
When  the  receiver  had  accumulated  sufficient 
pressure  by  the  exhaust  into  it  from  the  high- 
pressure  cylinder,  the  intercepting  valve  would 
automatically  be  thrown  to  its  normal  position 
for  working  compound;  then  the  supply  of  live 
steam  to  the  low-pressure  cylinder  was  cut  off 
and  the  receiver  pressure  admitted,  and  thus  the 
jngine  worked  compound. 

The  following  modification  of  this  valve  ar- 
rangement was  afterwards  made  by  Mr.  Pitkin 
and  applied  to  many  locomotives  by  the  Schenec- 
tady Locomotive  Works. 

Design  of  1892.— With  this  construction  of 
1892,  the  opening  of  the  throttle  admits  live 
steam   at   the   same    time-  to  both  the  high  i 
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steam  pipe  admits  live  steam  through  suitable 
valves  to  an  actuating  piston,  the  movement  of 
which  opens  a  poppet  valve,  supplying  live 
steam  to  the  low-pressure  cylinder,  and  also  places 
the  intercepting  valve  so  as  to  close  connection 
between  the  receiver  and  the  low-pressure  steam 

j        ,r 

THE  INTERCEPTING  VALVE. 
.SfcHENECTADV-DCSIGNOF  1892 


chest.  Thus  the  low-pressure  cylinder  exhausts 
to  the  atmosphere,  and  the  high-pressure  cylinder 
into  a  closed  receiver.  Sufficient  pressure  will 
accumulate  in  the  receiver  after  a  few  strokes  to 
move  the  small  valves,  thereby  moving  the  actua- 
ting piston  and  with  it  the  intercepting  valve,  to 
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such  position  as  will  close  off  live  steam  to  the 
low-pressure  cylinder,  and  instead  admit  the 
receiver  pressure,  thus  working  the  engine  com- 
pound. 

For  the  benefit  of  those  interested  in  the  de- 
tails of  this  device,  a  more  thorough  description 
of  the  accompanying  figures  follows: 
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show  the  same  horizontal  section  through  the 
saddles  and  show  the  intercepting  valve  and  the 
actuating  valves,  Fig.  133  showing  them  in  posi- 
tion for  working  compound,  and  Fig,  134  for 
starting.  Fig.  135  gives  a  vertical  section,  better 
showing  the  passages  between  the  receiver  and 
the  low-pressure  steam  chest,  which  passages  are 
opened  and  closed  by  the  double  pistons  6? 6? 
which  form  the  intercepting  valve.  Of  the  remain- 
ing figures,  136  and  137  show  details  of  the  regu- 
lating valve,  and  Fig.  138  an  end  view  of  the 
intercepting  pistons  GG.  The  arrows  in  Figs. 
133  and  134  indicate  the  direction  of  the  steam 
in  passing  through  the  apparatus. 

Fig.  132  shows  a  smoke-box  mounted  on  sad- 
dles connected  with  the  high  and  low-pressure 
cylinders  located  on  opposite  sides  of  the  engine 
and  having  the  necessary  admission  and  exhaust 
ports.  The  exhaust  port  of  the  high-pressure 
cylinder  is  connected  by  a  passage  E  (see  dotted 
lines  in  Fig.  132  and  full  section  of  port  in  Figs. 
133  and  134)  with  the  receiver  at  R,  Fig.  132. 
The  other  end  of  the  receiver  connects  with  the 
inlet  passage  Rx  (shown  also  in  Fig.  135)  leading 
to  the  low-pressure  steam  chest,  and  in  this 
passage  the  intercepting  valve  GG  is  located  and 
travels  across  it  to  open  or  close  this  passage. 

The  intercepting  valve  and  the  mechanism  for 
operating  it  are  mounted  on  the  saddle  of  low- 
pressure  cylinder,  as  before  stated,  while  the  live 
steam  pipe  S  and  the  high-pressure  exhaust  pas- 
sage E  are  situated  in  the  high-pressure  saddle. 
The  low-pressure  exhaust  passage  El  is  formed 


iintod  at  one  end  of  a  long  piston  rod,  \vl 
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ves  to  and  fro  in  a  cylinder  having  four  or 
a.     Thn  two  U™a  Anan;*.m.  <,u i«j  *- 
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pressure  cylinder  without  producing  a  back 
pressure  in  the  high-pressure  cylinder  through 
the  receiver.  Of  the  two  remaining  openings  in 
the  valve  cylinder,  port  D  leads  to  the  low-pressure 
steam-chest  and  port  F  admits  steam  from  the 
boiler  when  the  apparatus  stands  in  position  as 
shown  in  Fig.  134. 


jFig.m. 


The  back  end  of  the  intercepting  piston-rod 
passes  through  suitable  stuffing  boxes  to  a  small 
cylinder  provided  with  a  piston  H,  which  actuates 
the  intercepting  valve.  This  cylinder  has  a  small 
steam  chest,  slide  valve  and  admission  and  exhaust 


fcliAe.  Open. 
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valve,  will  be  made  clear  by  the  figures.  From 
Fig.  185  it  will  be  seen  that  a  small  pipe  i?  leads 
from  the  receiver  connection  Kl  to  this  valve 
mechanism,  and  from  Figs.  133  and  134,  that  a 
pipe  Sl  comes  from  the  live  steam  passage  in  the 
saddle  and  has  a  small  port  leading  to  the  actu- 
ating valves  as  well  as  to  the  poppet  valve  N. 
These  live  steam  and  receiver  connections  come 
to  opposite  sides  of  a  small  piston  valve  M  (Fig. 
137),  which  is  called  the  "regulating  valve"  and 
travels  across  two  ports  leading  to  the  slide  valve 
beneath  it,  as  shown. 


u.  Fig.m 
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The  remainder  of  this  mechanism  consists  of  a 
balanced  poppet  valve  N,  which,  when  open,  ad- 
mits live  steam  from  pipe  <S"  through  the  inter- 
cepting valve  to  the  low-pressure  cylinder  in 
starting.  This  poppet  valve  N  has  a  projecting 
stem  on  the  lower  side  and  is  opened  and  allowed 
to  close  by  a  rocker-arm  or  bell-crank  L,  its 
two  positions  being  shown  in  Figs.  133  and  134, 
respectively. 

The  operation  of  the  apparatus  is  as  follows: 
The  normal  position  of  the  parts  when  the  en- 
gine is  working  compound  is  shown  in  Fig.  133, 
in  which  position  steam    for    the    low-pressure 
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cylinder  comes  entirely  from  the  high-presanre 
exhaust  through  the  receiver.  To  start  the  train, 
the  engine  throttle  is  opened  as  usual.  This  per- 
mits steam  to  pass  to  the  high-pressure  side  and 
also  through  the  pipe  Sl  (Figs.  133  and  136)  to 
the  left  side  of  piston  valve  M  (Fig.  137)  and 
down  through  the  adjacent  port  (as  indicated 
by  arrows)  to  the  slide  valve  chamber,  there  act- 
ing between  the  two  pistons  K  and  K1  (Figs. 
131, 133  and  137).  The  right-hand  piston,  being 
the  larger,  causes  a  movement  of  the  slide  valve 
from  its  position  shown  in  Fig.  133  to  that  shown 
in  Fig.  134,  thereby  uncovering  the  steam  port 
to  the  left  of  piston  11,  which  it  forces  with  the  in- 
tercepting valve  GG  to  the  right.  In  this  position, 
^Fijg.ids.     as  shown  in  Fig.  134,  the  receiver 
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to  the  left  and  opening  the  intercepting  valve. 
This  return  movement  of  the  actuating  piston  H 
detaches  the  bell-crank  L  from  the  poppet  valve 
N  and  allows  the  latter  to  close  before  the  inter- 
cepting valve  opens.  After  this  the  locomotive 
works  compound,  the  passage  of  steam  being 
through  the  high-pressure  cylinder  to  the  receiver 
and  thence  through  the  intercepting  valve  and 
low-pressure  cylinder  to  the  atmosphere,  as  pre- 
viously described. 

A  difficulty  met  with  in  many  of  the  earlier 
forms  of  compound  mechanism,  and  to  which  the 
reader's  attention  was  called  at  the  beginning  of 
this  chapter,  namely,  the  accumulation  of  dan- 
gerously high  pressure  in  the  receiver  when  run- 
ning with  the  throttle  closed,  was  overcome  in 
this  device  by  an  automatic  action  of  the  piston 
valve  3/  and  the  differential  pistons  K  and  K' 
(Fig.  137),  as  follows:  When  the  engine  is  using 
steam  the  regulating  valve  M  is  always  against 
the  right-hand  seat,  as  shown, and  this  valve  only 
comes  into  use  when  running  without  working 
steam,  as  down  a  long  grade.  In  this  case,  if  the 
intercepting  valve  happened  to  be  closed,  the 
action  of  the  engine  would  cause  air-pressure  to 
accumulate  iD  a  closed  receiver  as  there  would 
then  be  no  live  steam  available  to  cause  the 
actuating  device  to  open  the  intercepting  valve. 
Hence  it  is  arranged  so  that  air-pressure  in  the 
receiver  will  force  the  valve  M  to  the  left  and 
itself  take  the  place  of  live  steam  by  passing  to 
the  slide  valve  chamber  and  down  to  the  right 
side  of  the  actuating  piston  H,  moving  it  to  the 
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(eft  and  opening  the  intercepting  valve,  as  shown 
in  Fig.  133.  Thus  the  small  valve  M  acts  as  a 
safety  valve,  insuring  the  opening  of  the  inter- 
cepting valve  when  live  steam  is  not  being  used, 
and  preventing  the  danger  of  excessive  receiver 
pressure  or  the  lifting  of  the  high-pressure  slide 
valve  off  its  seat  when  the  engine  is  running  with 
steam  shut  off. 

SCHENECTADY  1892  DESIGN,  WITH  SOUTHERN  PACIFIC 

MODIFICATION. 

To  render  it  possible  to  run  the  engine  "simple" 
for  any  desired  period  in  starting,  or  to  obtain 
a  maximum  power  in  case  a  train  were  stall- 
ing on  a  heavy  grade,  the  Southern  Pacific  Co. 
in  1893  added  to  many  of  their  Schenectady  com- 
pounds of  the  1892  design,  a  separate  exhaust 
valve  located  in  the  smoke-box,  as  shown  in  Figs. 
139  and  140.  The  reverse  lever  in  the  cab,  when 
placed  in  either  of  its  extreme  positions,  caused 
this  valve  to  open  and  thereby  connect  the  re- 
ceiver directly  with  the  main  exhaust  pipe,  thus 
permitting  the  high-pressure  cylinder  to  exhaust 
through  the  receiver  directly  to  the  atmosphere, 
as  indicated  by  arrows  in  Fig.  139.  As  the  re- 
ceiver pressure  was  thus  kept  down  it  will  be 
readily  understood  from  the  preceding  description 
of  the  intercepting  valve  that  the  latter  will 
remain  in  starting  position  as  in  Fig.  134,  and 
hence  the  locomotive  will  work  as  a  simple  engine 
until  such  time  as  the  eugineer  pulls  the  reverse 
lever  higher  up  on  the  quadrant  and  thereby 
closes  the  separate  exhaust   valve.     Then  the 
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intercepting  valve  automatically  assumes  the 
compound  position,  as  in  Fig.  138,  for  reasons 
hereinbefore  explained. 

This  modification  of  the  two-cylinder  or  cross- 
compound  is  of  especial  note  inasmuch  as  it  was 
one  of  the  first  in  this  country  which  permitted 
the  working  of  the  locomotive  as  a  simple  engine 
for  any  desired  length  of  time,  at  the  will  of  the 
engineer.  Its  results  in  practical  operation  were 
to  greatly  reduce  the  jerking  of  trains  in  starting 
(then  a  very  serious  objection  to  many  com- 
pounds); it  gave  a  greater  maximum  power  at 
critical  periods,  and  was  withal  so  eminently  satis- 
factory that  the  reader  will  notice  the  majority 
of  the  builders  of  two-cylinder  compounds  in  this 
country  have  embodied  a  separate  exhaust  valve 
in  their  later  designs. 
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to  enter  the  low-pressure  cylinder  when  working 
simple.  (3)  An  independent  or  separate  exhaust 
valve  which,  when  open,  vents  the  exhaust  from 
the  high-pressure  cylinder  to  the  atmosphere 
through  the  exhaust  pipe  and  stack.  (4)  Asmall 
valve  K  inside  of  the  separate  exhaust  valve,  by 
the  use  of  which  the  latter  can  be  opened  more 
easily  and  gradually. 


~*~j&cHenecta,&,y  /SpbBeszpn  ■— 

By  the  arrangement  of  these  valves  the  engine 
can  be  started  and  run  either  compound  or  simple 
and  can  be  changed  from  compound  to  simple,  or 
the  reverse,  at  the  will  of  the  engineer,  with  the 
throttle  and  the  reverse  lever  in  any  position;  the 
engineer  has  only  to  move  a  small  three-way  cock 
in  the  cab  and  the  working  of  the  engine  changes 
very  smoothly  and  without  jerking  the  train. 
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Figs.  141  and  142  give  sections  of  smoke  arch 
and  cylinder  saddles  and  show  the  steam  passages, 
the  receiver  and  the  location  of  the  intercepting 
valve  in  the  saddle  of  the  low-pressure  cylinder  on 
the  right-hand  side  of  the  engine. 

It  will  lie  noticed  by  the  dotted  lines  behind 
the  receiver  pipe  that  there  are  two  steam  pipes  as 
in  a  simple  engine,  hut  the  one  (S)  leading  to  the 
intercepting  valve  on  the  low-pressure  side  is  much 
smaller  than  usual,  as  it  will  only  be  required  for 
use  at  low  speeds. 

Fig.  143  shows  a  vertical  section  -lengthwise 
through  the  low-pressure  cylinder  saddle  and  the 
intercepting  valve  (as  if  they  were  cut  through  at 
MN  of  Fig.  142)  and  shows  the  intercepting 
and  the  separate  exhaust  valves  in  the  position 
taken  when  the  engine  is  working  simple  and  re- 
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to  exhaust  from  the  high-pressure  cylinder 
to  the  atmosphere  without  going  through  the 
low-pressure  cylinder,  thus  working  the  en- 
gine simple;  when  it  is  closed,  the  high-press- 
ure exhaust  must  pass  through  the  low-press- 
ure cylinder,  thus  working    the    engine  com- 


pound.  The  intercepting  valve  closes  the 
passage  between  the  two  cylinders  when  the  sep- 
arate exhaust  valve  is  open,  so  that  steam  can- 
not go  from  the  high-pressure  cylinder  to  the 
low-pressure  cylinder;  thus  doing  away  with 
back  pressure  on  the  high-pressure  piston  when 
the  engine  is  working  simple;  it  also  admits 
live  steam  direct  from  the  dry-pipe  through 
the  reducing  valve  to  the  low-pressure  cylinder. 
When  the  separate  exhaust  valve  closes,  the 
intercepting  valve  automatically  opens  the  pas- 
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sage  between  the  two  cylinders  and  cuts  off  the 
supply  (if  live  steam  from  the  dry  pipe  to  the 
low-pressure  cylinder.  The  reducing  valve  works 
only  when  the  engine  b  working  simple  and 
throttles  the  steam  passing  through  it,  so  that 
the  pressure  of  .steam  going  to  the  low-pressure 
cylinder  is  about  one-half  (or,  less,  according  to 
the  proportionate  sizes  of  the  two  cylinders)  of 
that  admitted  from  the  boiler  to  the  high-press- 
ure cylinder. 

The  reducing  valve  is  quite  heavily  cross-sec- 
tioned, while  the  long,  intercepting  valve  ap- 
pears next  lighter,  in  order  to  render  their  out- 
lines in  Figs.  M'A  and  145  readily  distinguishable. 
Examining  the  two  ends  of  the  intercepting  valve, 
it  will  be  seen  that  the  left  end,  exposed  to  the 
pressure  of  the  atmosphere  through  the  drip,  is 
only   about,  three-fourths  as  large  as  the  right 
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against  piston  J  and  the  spring  shuts  the  valve, 
as  in  Fig.  145.  All  the  engineer  has  to  do  in 
connection  with  the  operation  of  the  valves  is  to 
pull  the  handle  of  the  three-way  cock  in  the  cab 
one  way  or  the  other,  according  as  he  wishes  the 
engine  to  run  simple  or  compound.  The  engi- 
neer uses  the  handle  under  the  following  condi- 
tions: 

To  Start  Simple. — Under  ordinary  conditions 
this  is  not  necessary,  but  if  the  maximum  power 
of  the  engine  is  needed  to  start  a  heavy  train,  the 
engineer  pulls  the  handle  of  the  three-way  cock 
so  as  to  admit  pressure  from  the  cab  through 
pipe  W  against  the  piston  J,  Fig.  145.  This  will 
force  piston  J  into  the  position  shown  in  Fig.  143, 
opening  the  separate  exhaust  valve  and  hold- 
ing it  open.  The  engine  throttle  now  being 
opened,  live  steam  at  boiler  pressure  enters  the 
chamber  E  from  the  small  steam  pipe  S  before 
mentioned  and  forces  the  intercepting  valve  to 
the  right  against  the  seat  FF,  as  shown  in  Fig. 
143.  .  The  exhaust  steam  from  the  high-pressure 
cylinder  now  passes  through  the  receiver  and  is 
exhausted  through  the  separate  exhaust  valve  to 
an  annular  chamber  U  connected  with  the  main 
exhaust  to  the  stack,  as  indicated  by  the  arrow  in 
Fig.  143.  (See  also  Fig.  147.)  Steam  also  enters 
the  low-pressure  cylinder  from  chamber  1?  through 
the  reducing  valve  and  the  annular  ports  G  in 
the  intercepting  valve  (See  Figs.  143  and  146), 
and  is  exhausted  in  the  usual  way.  The  reducing 
valve  prevents  the  full  boiler  pressure  from  reach- 
ing the  low-pressure  cylinder.  As  will  be  seen  from 
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Figs.  143  and  145,  the  reducing  valve  is  partly  bal- 
anced by  its  smaller  left  end  being  open  to  the  at- 
mosphere through  a  small  groove  leading  to  the 
chamber  having  an  open  drip,  and  thus  the  boiler 
pressure  acting  on  the  unbalanced  area  throws  the 
valve  open — to  the  right.  When  the  pressure  in 
the  intercepting  valve  cavity  on  the  right  of  the' 
reducing  valve  becomes  high  enough,  it  will  throw 
the  valve  to  the  left,  because  it  acts  on  the  whole 
area  of  the  valve;  the  result  is  that  the  steam  is 
throttled  to  the  proper  pressure  desired  for  the 
low-pressure  cylinder. 

To  Work  Cum  pound. — Having  started  the  train, 
when  the  engineer  wishes  to  change  the  engine 
from  simple  working  to  compound,  he  pushes  the 
handle  of  the  three-way  cock  to  its  first  position 
which,  relieving  the  pressure  on  piston  ./  through 
pipe  W,  allows  the  spring  to  act  to  the  right  and 
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steam  which  might  leak  by  the  packing  rings 
from  constantly  escaping  at  the  drip. 

To  Change  from  Compound  to  Simple. — With 
the  engine  running  compound,  if  the  engineer 
wishes  to  change  to  simple  because  of  a  very 
heavy  grade,  he  has  only  to  pull  the  three-way 
cock  handle  to  the  same  position  as  for  starting 
simple.  Then  piston  J  first  opens  the  small  valve 
K  and  then  the  separate  exhaust  valve.  The 
small  valve  IT  relieves  the  pressure  more  gradually 
than  if  the  larger  valve  were  opened  at  once. 
As  soon  as  the  separate  exhaust  valve  is  opened 
the  pressure  in  the  receiver  escapes  through  it 
and  becomes  so  low  that  the  intercepting  valve  is 
again  forced  to  the  right  (as  in  Fig.  143)  against 
its  seat  F  by  the  steam  pressure  from  chamber 
E,  and  the  engine  works  simple  as  in  starting. 

To  Start  as  an  Automatic  Compound. — If  the 
separate  exhaust  valve  is  left  closed,  as  in  Fig. 
145,  the  engine  will  start  as  an  automatic  com- 
pound when  the  throttle  is  opened,  for  the 
pressure  from  chamber  E  will  force  the  intercept- 
ing valve  to  the  right,  as  in  Fig.  143,  thus  admit- 
ting live  steam  through  the  reducing  valve  and 
ports  G  to  the  low-pressure  cylinder,  while  at  the 
same  time  the  high-pressure  cylinder  exhausts 
into  a  closed  receiver  for  a  few  strokes.  This 
pressure,  accumulating  in  the  receiver,  will  then 
automatically  close  the  ports  G  by  moving  the 
intercepting  valve  to  the  left,  as  in  Fig.  145,  and 
the  engine  thereafter  runs  compound. 

Accidents  to  Schenectady  Compounds — the  Auto- 
matic Compound  of  1892.     What  should  be  done 
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in  case  of  a  break-down  on  the  road,  necessi- 
tating the  disconnecting  of  the  high-pressure 
side?  If  but  a  short  distance  to  go  and  a  slow 
speed  would  suffice,  clamp  the  high-pressure 
slide  valve  in  center  and  permit  the  engine  to 
run  by  the  admission  of  live  steam  through 
the  small  pipe  Sl  and  the  poppet  valve  N  to  the 
high-pressure  cylinder  (Figs.  133  and  134).  If 
the  intercepting  valve  is  out  of  order,  block  the 
poppet  valve  A*  open,  that  is,  up.  If  it  were  re- 
quired to  run  at  considerable  speed,  this  small 
pipe  S1  would  give  insuftifiimt  supply,  in  which 
case  the  high-pressure  slide  valve  should  be 
blocked  clear  back  (much  farther  than  its  ordi- 
nary travel  carries  it),  so  as  to  uncover  the 
exhaust  port,  thus  admitting  live  steam  direct 
to   the   receiver.     If  the  steam   chest  is  large 
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gines  of  this  class  have  either  a  large  steam  chest 
or  an  "Allen"*  ported  slide  valve,  the  valve  can 
be  clamped  back  far  enough  to  uncover  the  low- 
pressure  exhaust  port,  and  thus  run  at  full  speed. 
If  this  cannot  be  done,  block  both  the  low-press- 
ure crosshead  and  valve  clear  back  and  unscrew 
the  relief  valves  or  take  off  the  front  cylinder 
head  on  that  side  to  make  an  exhaust  opening 
from  the  receiver.  If  the  intercepting  valve  is 
out  of  order,  it  must  be  securely  clamped  open, 
as  in  Fig.  133,  otherwise  the  opening  between 
the  receiver  and  the  low-pressure  steam  chest 
would  be  closed. 

In  this  last  procedure,  with  the  exhaust  other 
than  through  the  stack,  would  the  engine  steam 
with  much  of  a  train?  No;  but  a  limited  amount 
of  steam  could  be  maintained  by  the  use  of  the 
blower  for  creating  draught. 

What  wrould  be  the  effect  of  the  removal  of  the 
slide  valve  on  the  disabled  side?  This  would 
give  a  free  port  opening  under  all  circumstances, 
but  would  generally  consume  too  much  time  to 
be  practicable. 

What  prevents  the  leakage  of  live  steam  into 
the  receiver  when  the  intercepting  valve  is  closed, 
as  in  Fig.  134,  there  being  no  packing  rings  in  the 
two  pistons  &6Y?  The  live  steam  pressure  acts 
from  below  when  starting,  so  as  to  hold  these 
pistons  tight  against  ports  of  the  receiver.  Fig. 
135  illustrates  this  clearly,  if  the  intercepting 


*See  illustrations  in  Part  First  of   the  Manual,  showing  the 
'Allen"  slide  valve. 
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valve  were  there  shown  closed,  as  live  steam 
would  then  be  below  pistons  GG. 

What  would  be  the  result  if  the  wiper  L  would 
strike  the  poppet  valve  A' (Figs.  13iJ  and  134) 
before  the  intercepting  valve  pistons  GG  closed 
their  port*?  Live  steam  would  blow  through  to 
the  receiver  an,d  produce  a  back  pressure  on  the 
high-pressure  side. 

How  can  this  be  prevented?  Pistons  GG  have 
sufficient  hip  to  allow  of  their  closing  before  the 
wiper  L  strikes  the  poppet  valve  N,  and  the 
adjustable  tappet  on  the  intercepting  valve  stem 
should  be  set  so  as  to  cause  this.  If  the  tappet  is 
set  too  far  back,  valve  N  would  not  be  opened  at 
all  and,  as  a  consequence,  no  live  steam  would  be 
admitted  to  the  low-pressure  cylinder  in  starting. 

If  the  operating  piston  II  should  break,  what 
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would  be  advisable  to  disconnect  the  separate  ex- 
haust valve  levers  from  their  connection  to  the 
reach-rod  and  properly  secure  them  in  either  ex- 
treme position,  so  as  to  hold  the  valve  open.  The 
engine  can  then  be  "hooked-up,"  that  is,  the  re- 
verse lever  pulled  up  toward  its  central  position, 
to  correspond  to  the  demands  of  tl*e  service. 

Accidents  to  Schenectady  Compounds — design  of 
1896. — What  should  be  done  in  case  the  high- 
gressure  side  had  to  be  disconnected  ?  Ordinaril  y , 
open  the  separate  exhaust  valve  *  and  do  nothing 
different  than  with  a  simple  engine;  but  to  obtain 
greater  speed  than  the  supply  of  live  steam  to 
the  low-pressure  cylinder  through  its  small  steam 
pipe  would  permit,  the  high-pressure  valve  should 
be  secured  in  such  a  position,  if  possible,  as  will 
uncover  its  exhaust  port,  thereby  admitting  live 
steam  to  the  receiver  and  thence  to  the  low- 
pressure  cylinder.  In  this  case  leave  the  separate 
exhaust  valve  closed  and  handle  the  throttle 
easily  so  as  not  to  cause  constant  opening  of  the 
safety  valves  on  the  low-pressure  side. 

What  is  necessary  with  the  low-pressure  side 
disconnected  ?  Open  the  separate  exhaust  valve 
and  allow  the  high-pressure  cylinder  to  exhaust 
to  the  stack  through  its  connection.  While  con- 
siderable train  could  thus  be  handled,  it  would 
not  be  done  at  anything  but  a  slow  speed,  unless 
the  low-pressure  slide  valve  were  placed  so  as  to 


*  While  not  absolutely  necessary  to  open  the  separate  exhaust 
valve  for  this  case,  it  is  best  to  do  so  that  there  may  bo  no 
accumulation  of  pressure  in  the  receiver  should  the  high-pressure 
valve  leak. 
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uncover  its  exhaust  port  and  the  separate  ex- 
haust valve  left  closed. 

What  is  done  to  prevent  full  boiler  pressure 
from  reaching  the  low-pressure  cylinder  in  case 
the  reducing  valve  becomes  defective  or  broken? 
Pop  or  safety  valves  are  placed  on  the  chest  and 
both  heads  of  the  low-pressure  cylinder  and  they 
are  set  at  about  one  hundred  pounds,  the  highest 
pressure  deemed  advisable  in  so  large  a  cylinder. 

In  case  of  a  broken  intercepting  valve  what 
precautious  should  be  taken?  Run  the  engine 
compound  only  and  do  not  stop  the  engine  with 
the  low-pressure  side  on  center. 

Why  must  the  oil  dash-pot  be  kept  filled  with 
oil?  The  flow  of  oil  from  one  side  of  the  dash- 
pot  piston  to  the  other  prevents  sudden  move- 
ments of  and  serious  jars  to  the  intercepting  valve. 

How  i/an  tlit-*  rapidity  of  this  inovementbe  reg- 
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With  this  compound,  what  pressure  from  the 
cab  is  used  to  operate  the  separate  exhaust  valve  ? 
Either  air  or  steam. 

Why  is  air  pressure  generally  considered  pref- 
erable? On  account  of  the  absence  of  moisture 
therein.  As  the  separate  exhaust  valve  piston  J 
and  its  cylinder  (Figs.  143  and  145)  project  from 
the  front  of  the  cylinder  saddle  and  are  exposed  to 
currents  of  cold  air,  the  use  of  steam  therein  and  a 
lack  of  proper  drainage  might  cause  them  to  freeze 
in  cold  weather. 

What  objection  is  there  to  the  use  of  air? 
Should  the  air  pump  stop  or  the  pressure  other- 
wise become  exhausted,  as  in  switching  and  pick- 
ing up  a  large  number  of  air-brake  cars,  there 
might  be  insufficient  pressure  to  hold  the  valve 
open  against  the  receiver  pressure. 

How  is  this  objection  overcome  when  air  is 
used  for  this  purpose?  Besides  the  air- connec- 
tion to  the  three-way  cock  in  the  cab,  there  is  a 
steam  connection;  closing  the  one  and  opening 
the  other,  quickly  furnishes  an  alternative  press- 
ure for  operation. 

What  would  be  the  result  if  both,  the  steam  and 
the  air  connections  were  left  open  ?  There  would 
be  no  effect  upon  the  engine  itself,  but  the  steam 
would  fill  the  whole  air-brake  system  with  water 
and  seriously  affect  the  operation  of  the  brakes/ 


THE    PITTSBURG   COMPOUND. 

The  Pittsburg  Locomotive  Works  have  been 
one  of  the  largest  builders  of  two-cylinder  or 
cross-corn  pound  locomotives  in  this  country. 
Their  location  of  the  intercepting  valve  in  the 
saddle  of  the  high-pressure  cylinder  instead  of 
the  low-pressure  cylinder  is  an  arrangement 
which  obviates  the  necessity  of  a  second  steam 
pipe  for  admitting  live  steam  to  the  intercepting 
valve  and  low-pressure  cylinder  when  it  is  de- 
sired to  work  the  engine  non-compound. 

With  the  valve  mechanism  which  will  be 
shown  and  described  in  what  follows,  when  the 
reverse  lever  is  either  in  full  forward  or  back-up 
r  aud  the  throttle  opened,  the  engine  starts 
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cepting  valve  in  case  of  derangement  of  the  op- 
erating device,  or  other  necessity.  However, 
the  engine  will  only  start  simple  when  the  in- 
tercepting valve  is  placed  in  proper  position,  as 
this  valve  does  not  automatically  assume  simple 
position  of  its  own  volition.     Fig.  148  gives  the 

JPe/fc&urg  Cem/touncC. 
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the  operating  valve  by  its  attachment  to  the 
reach-rod.  The  operating  piston  can  be  actuated 
either  by  air  or  steam  pressure,  the  former  being 
preferable,  especially  in  cold  climates. 

Figs.  149  and  150  show  on  a  larger  scale  the 
same  section  through  the  valves  in  the  saddle. 

JPtffoburg  Ce/x/ioiauZ 


Utititrt  ef  ufai/a*  wA*n  Safin* 

it  rver7tin%  cem/tcuraC  ■ 

In  Fig.  149  the  intercepting  and  the  reducing 
valves  are  in  position  for  working  simple,  while 
in  Fig.  150  they  are  shown  in  compound  position. 
Port  S  is  the  passage  from  the  steam  pipe  to  the 
high-pressure  steam  chest,  and  port  E  the  ex- 
haust passage  from  the  high-pressure  cylinder; 
port  R  is  the  opening  into  the  receiver;  port  B 
leads  to  the  atmosphere  through  the  stack,  being 
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an  independent  exhaust  for  the  high-pressure  cyl- 
inder. Port  C  is  a  branch  from  the  main  steam 
port  S,  and  carries  live  steam  to  the  reducing  valve 
G   for  use  in  the   low-pressure   cylinder  when 

needed. 

When  the  intercepting  valve  is  moved  to  the 
left  in  position  for  working  simple,  as  shown  in 
Fig.  141),  steam  from  the  high-pressure  exhaust  E 
passes  through  the  intercepting  valve  (between 
its  two  piston  ends)  and  to  the  atmosphere 
through  the  independent  exhaust  B,  At  the  same 
time  live  steam  from  C  opens  the  reducing  valve 
G,  as  the  valve  is  then  unbalanced  by  its  left  end 
being  larger  than  its  right,  and  passes  through  the 
intercepting  valve  chamber  D  and  the  receiver.fi 
to  the  low-pressure  cylinder.  The  engine  is  thus 
made  a  simple  engine  with  live  steam  admission 
and  independent  exhausts  for  each  cylinder,  as 
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necting  the  high-pressure  exhaust  E  therewith 
around  the  stem  of  the  intercepting  valve.  As  the 
other  end  of  the  receiver  leads  to  the  low-pressure 
steam  chest,  the  high-pressure  exhaust  thus  be- 
comes the  supply  steam  for  the  low-pressure  cyl- 
inder and  the  engine  works  as  a  compound,  the 
flow  being  indicated  by  the  arrows,  Fig.  150. 

From  the  above  description  it  will  be  observed 
that  the  office  of  the  intercepting  valve  is  to  convert 
the  locomotive  from  simple  to  compound,  or  the 
reverse.  The  duty  of  the  reducing  valve  is,  when 
the  engine  is  working  single-expansion,  to  reduce 
the  live  steam  from  the  boiler  to  a  pressure  in- 
versely proportional  to  the  ratios  of  the  two  cyl- 
inders before  delivering  it  to  the  receiver  and  low- 
pressure  cylinder,  thus  making  the  crosshead  loads 
equal  on  each  side  of  the  engine. 

Accidents  to  Pittsburg  Compounds. — If  the  engine 
broke  down  and  it  became  necessary  to  disconnect 
either  side,  could  the  engine  be  run  successfully 
on  one  side  ?  Yes,  it  would  be  more  powerful  than 
a  simple  engine  under  similar  circumstances  and 
could  develop  good  speed,  inasmuch  as  the  inde- 
pendent exhaust  ports  B  (Fig.  149)  are  of  con- 
siderable size. 

With  the  high-pressure  side  disconnected,  how 
should  the  engine  be  run?  The  intercepting 
valve  should  be  placed  in  simple  position  (as  in 
Fig.  149)  by  leaving  the  reverse  lever  in  full 
gear.  Live  steam  would  then  pass  through  the 
reducing  valve  to  the  low-pressure  cylinder  and 
exhaust  in  the  usual,  way.  The  high-pressure 
valve  should,  of  course,  be  clamped  in  the  center. 
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If  tbe  low-pressure  side  were  disconnected, 
how  could  the  engine  be  run?  Clamp  the  low- 
pressure  valve  in  the  center  so  as  to  cover  all 
ports  aud  work  .simple,  with  engine  in  full  gear. 
Steam  would  then  he  admitted  as  usual  through 
the  steam  pipe  to  the  high -pressure  cylinder  and 
exhausted  through  the  intercepting  valve  cavity 
and  the  independent  exhaust  B,  Fig.  149. 

In  both  of  these  cases  what  would  be  necessary 
in  order  to  run  at  considerable  speed?  To  close 
the  small  valve  which  supplies  steam  to  the  op- 
erating device.  The  hand  lever  can  then  be 
used  for  operating  and  thus  the  reverse  lever 
hooked  up  to  a  shorter  cut-off.  The  intercepting 
valve  levers  should  be  securely  fastened  in 
simple  position. 

With  a  demolished  steam  chest  on  the  low- 
pressure  side,  could  the  engine  be  fixed  to  run  in 
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notches,  but  if  necessary  to  run  simple,  use  very 
light  throttle  or  reduce  the  amount  of  boiler 
pressure  carried. 

If  the  packing  rings  in  the  intercepting  valve 
blew  badly,  how  could  it  be  detected  ?  First  see 
that  the  slide  valves  are  tight,  then  shut  off  the 
supply  of  air  or  steam  from  the  operating  cylin- 
der by  closing  the  small  globe  valve  in  the  cab, 
pull  the  intercepting  valve  clear  back  (by  means 
of  the  hand  operating  lever)  into  simple  position, 
as  in  Fig.  149,  and  open  the  throttle,  still  leaving 
the  valves  in  the  center.  The  blow  would  show 
in  the  stack.  However,  it  is  an  easy  matter  to 
remove  the  intercepting  valve,  by  taking  off  the 
back  cap,  and  examine  the  packing  rings,  and 
this  should  be  done  frequently,  that  no  broken 
pieces  may  catch  in  the  ports. 

With  this  design  of  compound,  is  it  necessary 
to  caution  the  engineer  against  the  bad  practice 
of  operating  the  engine  in  simple  position  for 
too  great  a  length  of  time,  or  at  high  speeds? 
No;  for,  if  the  small  valve  in  the  cab  which  sup- 
plies pressure  to  the  operating  device  be  open, 
to  run  the  engine  simple,  requires  that  the  reverse 
lever  be  at  full  stroke,  and  no  competent  man 
would  work  the  engine  thus  longer  than  neces- 
sary. 

In  starting,  where  should  the  reverse  lever  be 
placed?  In  full  motion  to  allow  the  intercepting 
valve  to  close  and  the  reducing  valve  to  open 
and  admit  live  steam  to  the  low-pressure 
cylinder. 


RICHMOND    COMPOUND. 


The  Richmond  compound  locomotive  (some- 
times termed  the  "Mellin"  system,  as  it  is  built 
under  those  patents)  is  also  of  the  two-cylinder  or 

cross-compound  type  and  belongs  to  the  class  of 
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the  engine  starts  with  the  admission  of  live  steam 
to  both  cylinders  and  thereafter  automatically 
changes  to  compound,  or  may  be  converted  back  to 
simple  any  time  at  the  will  of  the  engineer.  With- 
out any  movement  of  valves  by  the  engineer,  the 
locomotive  is  an  "automatic"  compound,  that  is, 
changes  to  working  compound  after  the  first  stroke 
or  two;  but  the  movement  by  him  of  a  three-way 
cock  in  the  cab,  causes  the  opening  of  a  separate 
exhaust  valve  (sometimes  called  the  "emergency 
valve")  for  the  high-pressure  cylinder,  and  thus 
the  engine  can  be  run  simple  as  long  as  he  thinks  it 
advisable,  or,  if  disabled,  can  be  brought  in  with 
one  side  like  a  single-expansion  locomotive. 

The  device  called  the  intercepting  valve  really 
consists  of  three  separate  and  distinct  valves,  as 
shown  in  Figs.  152  and  153. 

The  intercepting  valve  proper  is  marked  G  and 
is  a  double  poppet  valve  with  its  two  seats  of  un- 
equal areas,  and  has  a  stem  extending  back  and 
connecting  with  the  piston  P  of  an  air  dash-pot. 
The  intercepting  valve  moved,  or  opened,  as  in 
Fig.  153,  connects  the  receiver  R  with  the  low- 
pressure  steam-chest  port  L,  while  if  closed,  as  in 
Fig.  152,  it  cuts  off  this  communication  and  opens 
the  receiver  R  to  the  cavity  U. 

The  reducing  valve  is  a  long  annular  valve  sur- 
rounding the  intercepting  valve  stem  and  closes 
by  moving  to  the  left.  When  open,  it  admits  live 
steam  from  chamber  S  to  the  low-pressure  steam 
chest  cavity  L;  when  closed,  it  cuts  off  this  com- 
munication. 

The  separate  exhaust  or  "emergency"  valve  -Eis 
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an  ordinary  bevel-seated  wing-valve  with  its  right- 
hand  end  in  the  form  of  a  piston.  Steam  pressure 
from  a  three-way  cock  in  the  cab,  if  admitted 
against  this  piston,  forces  the  separate  exhaust 
valve  open,  thereby  connecting  the  cavity  t/with 
the  main  exhaust  cavity  C;  without  pressure  on 
this  piston,  the  spring  F  again  seats  the  valve. 
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usual  manner,  but  also  through  a  branch  steam 
pipe  S  (Fig.  151)  to  the  annular  cavity  SS  (Fig. 
153),  bears  against  the  shoulder  e  of  the  reduc- 
ing valve  at  the  seat  B  (Figs.  153  and  154)  and 
forces  the  latter  valve  to  the  right,  and  with  it  the 
intercepting  valve,  to  the  position  in  which  they 
are  shown  in  Fig.  152.  As  soon  as  the  enlarged 
end  of  the  reducing  valve  passes  the  edge  h  of  the 
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port  L  (see  also  Fig.  154),  live  steam  is  admitted 
to  L  and  thence  to  the  low-pressure  cylinder,  as  in- 
dicated by  the  arrows.  As  we  assumed  the  engi- 
neer had  not  opened  the  separate  exhaust  valve,  it 
willremain  closed  instead  of  open,  as  Fig.  152  shows 
it;  otherwise  that  figure  would  show  the  valve  posi- 
tions at  this  stage.  Thus,  while  the  receiver  B  is  in 
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communication  with  the  cavity  U,  there  is  no 
outlet  from  the  latter,  and  one  or  two  exhausts 
from  the  bigh-praasore  cylinder  into  the  closed 
receiver  11  will  produce  sufficient  pressure  to  act 
against  the  larger  left-hand  face  of  the  inter- 
cepting  valve  <•  and  cause  it  to  move  to  the  left, 
shoving  with  it  and  closing  the  reducing  valve, 
as  shown  in  Fig.  158.  Now  the  receiver  pressure 
becomes  the  supply  for  the  low-pressure  cylinder 
as  shown  by  the  arrows,  and  the  engine  works 
compound  thereafter.  The  engine  will  start  all 
ordinary  trains  in  this  manner  but  if  the  train 
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exhaust  valve  E  by  means  of  his  cab  valve.  If, 
however,  the  engine  were  stalling  working  com- 
pound (Fig.  163)  and  the  engineer  opened  the 


separate  exhaust  valve  E,  the  removal  of  press- 
ure from  chamber  U  would  cause  the  intercepting 
valve  to  close,  assisted  by  the  live  steam  pressure 
on  the  reducing  valve  shoulder,  and  thus  all  valves 


would  remain  as  in  Fig.  152  until  the  engineer 
desired  to  work  compound  again.  Then  he 
would  simply  close  the  separate  exhaust  valve  E 
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and  permit  the  valves  to  automatically  i 
compound  working  by  the  accumulation  of  press- 
ure in  the  receiver  li. 

The  annular  shaped  reducing  valve  appears  so 
much  like  an  inoperative  sleeve  around  the  in- 
tercepting valve  stem  that  the  separate  sketch  is 
made  on  a  larger  scale  in.  Fig.  154,  in  order  to  illus- 
trate its  principle  the  more  clearly.  Live  steam 
from  S  bearing  against  the  shoulder  e  would  force 
the  reducing  valve  from  the  position  in  the  cut  to 
the  right  until  shoulder  e  had  passed  the  edge  h 
of  the  chamber  L  and  live  steam  thus  be  admitted 
to  L  and  the  low-pressure  cylinder.  As  soon  as 
the  pressure  in  L  became  sufficiently  great,  say 
about  half  that  in  8,  the  valve  would  close 
partly  so  that  only  the  desired  proportion  of  the 
full   boiler  pressure  would  be    admitted  to  the 
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steam  ports.  The  pistons  PP  simply  act  in  the 
cavities  of  the  valves  as  dash-pots  to  prevent  slam- 
ming of  the  valves. 

Open  the  engine  throttle,  and  live  steam  from 
the  induction  ports  through  the  passages  AA 
drives  the  valves  VV  toward  each  other  against 
their  seats  and  communication  between  the 
two  steam  ports  0  and  0  is  closed,  as  in  Fig.  1 56. 
With  the  throttle  closed,  the  least  vacuum  in  the 


steam  chest,  acting  at  A  A ,  is  aided  by  compression 
in  the  cylinder  through  ports  00,  and  the  "by- 
pass" valves  move  outward  to  the  position  shown 
in  Fig.  155.  In  this  position  the  two  steam  ports 
00  are  connected  and  air  passes  freely  from  one 
side  of  the  piston  to  the  other — the  purpose  for 
which  they  are  applied. 

The  necessity  for  very  large  port  openings  for 
the  large  low-pressure  cylinders  was  mentioned 
under  the  general  discussion  of  compound  loco- 
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motives  and  it  was  there  stated  that  auxiliary 
ported  valves  of  the  "Allen"  type  were  used  to 
give  a  double  port  opening  to  the  cylinders  in  the 
early  part  of  the  admission  period. 

One  Richmond  design  of  slide  valve  employs 
this  auxiliary  port  not  only  for  double  early  ad- 
mission, but  also  to  give  a  double  opening  in  the 
early  exhaust  period.  Fig.  157  shows  the  design 
and  gives  the  dimensions.    It  will  be  noticed  that 
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action  of  an  "Allen"  ported  valve  in  giving  double 
admission  to  the  same  end  of  the  cylinder  during 
the  early  steam  period.  This  style  of  slide  valve 
has  been  in  use  on  locomotives  and  given  only  a 
six-inch  extreme  travel  of  valve  and  has  proven 
very  successful  in  keeping  down  the  back  press- 
ure, especially  at  high  speeds. 


Accidents  to  Richmond  Compounds.— In  case  of 
accident  on  the  road  requiring  the  engine  to  be 
run  in  with  one  cylinder,  what  should  be  done? 
Ordinarily,  open  the  separate  exhaust  or  "emerg- 
ency" valve  and  do  nothing  otherwise  differently 
than  with  a  simple  engine. 

In  case  the  engine  was  running  with  the  low- 
pressure  side  only,  why  do  you  instruct  to  open 
the  separate  exhaust  valve?  So  that  there  shall 
be  no  accumulation  of  pressure  in  the  receiver 
which  might  occur  in  case  of  a  leaky  slide  valve 
or  balance  strips  leaking  on  the  high-pressure 
side. 


256       ENGINEERS'  AND  FIREMEN'S  .VANCAL. 


As  the  emergency  port,  openings  are  small,  what 
could  be  done  in  order  to  obtain  considerable 
speed  in  case  the  break-down  occurred  in  passen- 
ger service?  Try  to  block  the  slide  valve  on  the 
disabled  side  in  an  extreme  position  so  as  to  un- 
cover the  exhaust  port. 

What  should  be  done  in  case  the  reducing 
valve  stuck  open  or  became  broken?  Care  should 
be  used  in  starting  by  opening  the  throttle  very 
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only  and  it  would  be  safer  not  to  stop  with  the 
low-pressure  side  on  center.  If  this  latter  pre- 
caution were  not  observed,  the  high-pressure 
piston  might  have  considerable  back  pressure 
upon  it  from  the  receiver,  should  the  intercepting 
valve  break  in  such  a  way  as  to  permit  live  steam 
from  the  reducing  valve  to  enter  the  receiver  in 
starting. 

What  prevents  slamming  of  the  intercepting 
valve  ?     The  air  dash-pot  connected  thereto. 

In  this  class  of  compounds,  why  are  the  cylinder 
neads  sometimes  dished,  or  not  flat,  as  is  usually 
the  case?  In  order  to  give  a  maximum  strength 
with  a  minimum  weight  of  piston,  these  builders 
frequently  use  a  piston  such  as  is  shown  in  Fig. 
160;  hence  the  cylinder  heads  conform  to  the 
shape  of  the  piston. 


i  iiu  ivoijers  Locomotive  Works  for  their  st 
two-cylinder  compound,  was  placed  in  the 
box   and   was  controlled   automatically  ; 
yond  the  will  of  the  engineer.     In  star 
placing  the  reverse  lever  in  either  extrec 
tion,  a  separate  reach-rod  with  suitable 
was  made  to  open  the  reducing  valve  and 
live  steam  from  the  boiler  to  the  low-p 
cylinder,  and  close  communication  betw* 
latter  and  the  receiver,  so  that  the  high-p: 
cylinder  exhausted  into  a  closed  reservoir 
ceiver.  After  one  or  two  strokes  sufficient  pi 
accumulated   in  the    receiver  to  automa 
throw  the  intercepting  valve  into  positi 
working  compound  and  the  hooking  up 
reverse  lever  closed  the  reducing  valve. 

The  succeeding  arrangement  used  by 
builders  is  fully  described  and  illustrated  ir 
follows.  The  device  is  for  a  two-cylinder  or 
compound  locomotive,  and  is  placed  in  the 
pressure  saddle  on  the  right  side  and  com 
to  a  lever  in  the  cab  having  three  notches, 
operated  by  the  engineer  at  will.  As  lc 
this  lever  remains  in  +v»^  * l 
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cepting  valve  works  the  engine  simple  for  a  few 
strokes  and  then  the  valves  automatically  assume 
the  compound  position.  Thus  this  engine  be- 
longs to  the  class  of  convertible  compounds. 

The  component  parts  of  the  device  are:  A  reg- 
ulating valve  (positively  controlled  by  the  cab 


lever  above  mentioned), "an  intercepting  and  a  re- 
ducing valve  (controlled  either  positively  by  the 
regulating  valve  or  at  times  automatically  by  the 
pressure  in  the  receiver),  and  a  separate  exhaust 
valve  (controlled  by  the  operating  valve).     The 
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intercepting  valve  has  two  positions,  one  for  work- 
ing compound  and  one  for  working  simple.  Id 
the  former  position,  as  shown  in  Fig.  163,  the  high- 
pressure  cylinder  exhaust  is  connected  to  the  re- 
ceiver and  thence  to  the  low-pressure  side,  while 
in  tiie  simple  position,  as  shown  in  Fig.  162,  this 
communication  is  closed  and  the  high-pressure  ' 
exhaust  directed  through  the  separate  exhaust 
valve  to  the  stack,  live  steam  at  the  same  time 
being  admitted  to  the  low-pressure  steam  chest 
through  the  reducing  and  the  intercepting  valves. 
To  somewhat  reduce  the  high  compression  that 
takes  place  in  the  large  low-pressure  cylinder 
when  running  at  high  speeds  without  steam — as, 
for  instance,  down  grades — a  by-pass  arrangement 
similar  in  some  respects  to  "La  Chatalier"  brake  is 
employed.  This  consists  of  an  automatic  device 
for  connecting  tiie  two  sides  of  the  low-) 
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valve  is  composed  of  two  parts  bolted  together 
and  is  shown  cross-sectioned  more  heavily  than 
its  casing  while  the  reducing  valve  L  within  it  is 
distinguishable  by  its  still  darker  appearance.  Its 
principal  port  openings  to  the  receiver  and  from 
the  high-pressure  cylinder  exhaust  are  lettered 
and  the  direction  of  flow  through  them  is  indicated 
by  arrows,  that  an  understanding  may  be  the  more 
easily  arrived  at.  Port  G  is  an  annular  chamber 
around  the  intercepting  valve  cylinder  H  and  is 
connected  with  the  high-pressure  steam  pipe  in  the 
saddle  and  therefore  has  live  steam  pressure  when 
the  engine  throttle  is  open.  Between  G  and  the  in- 
tercepting valve  is  a  series  of  holes  marked  J„ 
The  intercepting  valve  is  hollow  and  has  two  se- 
ries of  holes  through  its  shell  at  P  and  Q,  the 
latter  being  to  the  right  of  the  reducing  valve  seat. 
Fig.  162  shows  the  intercepting  valve  closed  (to 
the  right)  on  its  seat  A,  and  the  reducing  valve 
off  its  seat  (open),  as  it  is  when  working  simple 
except  that  the  reducing  valve  L  is  then  brought 
near  enough  to  its  seat  to  the  left,  to  prevent 
more  than  about  one-half  the  boiler  pressure  from 
passing  through  it.  As  usual,  the  reducing  is 
accomplished  by  the  two  ends  of  the  reducing 
valve  L  being  of  different  diameters,  the  smaller 
end  having  its  outer  left-hand  side  always  con- 
nected to  the  atmosphere  through  small  ports 
marked  N  and  0,  while  the  outside  of  the  larger 
right-hand  end  is  exposed  to  the  receiver  press- 
ure when  in  operation,  as  in  Fig.  162.  The  left- 
hand  smaller  end  M  of  the  intercepting  valve 
works  in  a  cylinder   W9  while  the  right-hand 
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larger  area  of  the  intercepting  valve  is  exposed 
either  to  the  receiver  or  the  high-pressure  exhaust 
cavity,  according  to  the  position  of  the  valve. 
The  separate  exhaust  valve  is  located  in  a  cham- 
ber U  directly  connected  to  the  main  exhaust 
pipe  Z.  (See  Figs,  161  and  168.)  The  right- 
hand  end  of  the  separate  exhaust  valve  is  in  the 
form  of  a  piston  and  works  in  a  cylinder  T,  The 
outer  ends  of  these  two  cylinders,  W  and  T,  are 
connected  by  small  pipes  ('  and  I)  with  the  regu- 
lating valve,  as  shown  in  Figs.  162  and  163.  The 
stem  of  the  intercepting  valve  extends  over  into 
separate  exhaust  valve  and  forms  a  guide  to 
keep  both  valves  central,  and  also  serves  as  a 
dash-pot,  but  allows  each  valve  to  act  independ- 
ently of  the  other.  All  pistons  are  fitted  with 
packing  rings,  as  shown,  and  the  valve  seats  and 
ground  joints  are  so  indicated. 
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finds  the  left  hand  port  uncovered  and  passes 
through  the  small  pipe  CC  to  the  cylinder  W  (as 
indicated  by  arrows),  moving  the  intercepting 
valve  to  the  right  against  its  seat  A  and  thereby 
closing  communication  between  the  high-pressure 
cylinder  exhaust  port  and  the  receiver  R.  In 
this  position  live  steam  pressure  from  G  passes 
through  ports  J  J  and  PP  to  the  interior  of  the 
intercepting  valve,  automatically  opening  the 
reducing  valve  and  flowing  through  ports  QQ, 
enters  the  receiver  R,  the  other  end  of  which 
is  connected  to  the  low-pressure  steam .  chest, 
as  shown  in  Fig.  161.  Thus  the  low-pressure 
cylinder  has  received  live  steam  at  a  reduced 
pressure  and  can  work  independently  of  the  high- 
pressure  cylinder,  as  its  exhaust  is  as  always  to 
the  stack.  The  intercepting  valve  now  being 
closed,  the  exhaust  from  the  high-pressure  cyl- 
inder (its  communication  to  the  receiver  being 
thereby  shut  off)  forces  the  separate  exhaust  valve 
off  its  seat,  as  in  Fig.  162,  and  escapes  to  the  stack 
and  the  engine  works  simple,  or  with  a  live 
steam  admission  and  an  exhaust  to  the  atmos- 
phere on  both  sides.  The  separate  exhaust  valve 
remains  open,  as  shown  in  Fig.  162,  because 
chamber  T  is  connected  to  the  atmosphere 
through  pipe  DD,  the  under  side  of  the  regulat- 
ing slide  valve,  and  pipe  E — as  indicated  by  ar- 
rows. 

If  the  regulating  lever  in  the  cab  be  moved  to 
the  back  notch,  the  regulating  valve  takes  the 
position  shown  in  Fig.  163  and  will. then  admit 
steam    through  the  right-hand  pipe  DD,   into 
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chamber  T,  pushing  and  holding  the  separate  ex- 
haust valve  against  its  seat  B,  and  at  the  same 
time  chamber  If"  will  be  in  exhaust  through  pipes 
CC  and  E,  as  indicated  by  arrows.  The  separate 
exhaust  valve  being  now  closed,  a  slight  pressure 
in  the  cavity  marked  "high-pressure  cylinder 
exhaust"  will  open  the  intercepting  valve,  that  is, 
move  it  off  its  seat  A  into  the  position  shown  in 
Fig.  163.  Then  the  high-pressure  cylinder  ex- 
hausts through  the  intercepting  valve  into  the 
receiver  and  thence  to  the  low-pressure  steam 
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the  intercepting  valve  is  opening  or  closing.  If 
the  engine  is  standing  and  the  regulating  valve 
is  moved  to  its  central  position,  as  shown  in  Fig. 
164,  when  the  throttle  is  opened  steam  will  pass 
through  both  pipes  CC  and  DD  to  the  outer  ends 
of  the  intercepting  and  the  separate  exhaust  valves 
respectively,  and  they  will  both  be  instantly 
closed  against  their  respective  seats  A  and  B, 
Figs.  162  and  163.  The  receiver  would  then  be 
filled  with  steam  through  the  hollow  intercepting 
valve  and  the  reducing  valve,  as  indicated  by  the 
arrows  in  Fig.  162;  but  as  soon  as  the  pressure  at  the 
high-pressure  exhaust  port  became  about  twenty 
per  cent,  of  the  pressure  in  the  dry  pipe  at  the 
time,  the  intercepting  valve  would  be  opened  and 
thereafter  held  open  by  the  receiver  pressure  act- 
ing toward  the  left  on  the  large  right-hand  end 
of  the  intercepting  valve;  thus  a  slight  pressure 
on  the  large  area  of  this  valve  overbalances  the 
higher  pressure  on  the  smaller  left-hand  end  M 
ilj  chamber  W,  and  the  engine  automatically 
changes  to  compound  after  two  or  three  strokes, 
the  main  ports  being  opened  as' in  Fig.  163. 

If  the  engine  had  been  working  simple,  with  the 
valves  as  in  Fig.  162,  and  the  operating  valve  lever 
were  placed  in  either  the  center  or  back  notch, 
the  working  would  automatically  be  changed  to 
compound;  if  in  the  center  notch,  it  would  take  a 
slight  accumulation  of  pressure  at  the  high-press- 
ure exhaust  port,  as  just  explained;  if  in  the  back 
notch  the  intercepting  valve  opens  with  almost  no 
pressure  from  the  high-pressure  exhaust  port  as 
then  chamber  IF  is  in  exhaust  through  pipe  CC 
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and  the  regulating  valve.  Subsequently  to  work- 
ing simple,  it  is  best  to  move  the  regulating  lever 
to  its  middle  position  (Fig.  164)  for  a  few  sec- 
onds without  closing  the  engine  throttle;  after 
that  it  can  be  moved  to  its  back  notch,  as  in  Fig. 
163,  and  left  there  until  it  is  desired  to  again 
start  simple  or  go  from  compound  to  single-ex- 
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and  closes  the  port  in  a  hollow  casting  bolted  to 
the  cylinder  and  connected  below  the  valve  seat 
at  K  and  L  with  the  steam  ports  of  the  low-press- 
ure cylinder,  as  illustrated  in  Figs.  165  and  166. 
The  hole  through  this  by-pass  casting  is  two 
inches  in  diameter.  In  Fig.  166  the  valve  Fis 
shown  dropped  down  in  ite  chamber,  thus  leaving 
a  two-inch  open  communication  between  the 
steam  ports  and  hence  the  two  sides  of  the  low- 
pressure  piston.  A  small  pipe  from  the  live  steam 
port  in  the  saddle  of  the  high-pressure  cylinder 
leads  through  the  pipe  S  to  the  under  side  of  this 
cylindrical  valve  V,  as  shown,  so  that  when  the 
engine  throttle  is  opened  the  valve  Fraisestothe 
top  of  its  chamber  and  shuts  off  all  communica- 
tion between  the  ports  K  and  L,  remaining  there 
as  long  as  the  high-pressure  cylinder  is  receiving 
steam;  but  when  the  throttle  is  closed,  it  falls 
again  by  gravity  and  is  thus  an  automatic  valve. 

Accidents  to  Rogers7  Compounds. — In  case  of 
break-down  on  one  side  of  this  engine,  can 
it  be  run  in  with  the  other  side?  Yes.  The 
reducing  valve  would  furnish  a  live  steam 
supply  for  the  low-pressure  cylinder,  or  the  sep- 
arate exhaust  valve  would  give  an  exhaust  open- 
ing for  the  use  of  the  high-pressure  cylinder, 
according  to  which  side  was  to  be  used;  hence,  in 
either  case,  general  instructions  would  be  to  place 
the  regulating  valve  in  its  extreme  forward  posi- 
tion, as  for  working  simple,  Fig.  162. 

Under  such  circumstances  would  the  engine 
be  as  powerful  as  a  simple  engine  on  one  side? 
Yes,  considerably  more  so  at  low  speed,  but  the 


270        ENGINEERS'  AND  FIREMEN'S  MANUAL, 

smaller  port  openings  than  usual  would  not  per- 
mit of  as  great  speed. 

As  there  are  three  notches  in  the  cah  for  the 
regulating  valve  lever,  how  should  this  be  handled 
when  it  is  desired  to  change  from  simple  to  com- 
pound, or  the  reverse?  It  is  not  advisable  to 
throw  it  from  forward  to  back  notch,  or  the  oppo- 
site, without  pausing  a  second  or  two  in  the  mid- 
dle notch  and  thereby  producing  a  more  gradual 
movement  and  causing  a  cushioning  of  the  in- 
tercepting and  separate  exhaust  valves. 

Under  ordinary  circumstances,  in  what  posi- 
tion is  it  best  to  keep  the  regulating  valve?  In 
the  back  notch,  or  compound  position. 

How  should  a  light  train  be  started?  "With 
the  regulating  valve  lever  in  the  center  notch. 
The    engine  starts    thus  as    an    automatic  com- 
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tendency  to  gum  the  valves  where  there  is  not  a 
constant  flow  of  steam. 

If  the  high-pressure  side  were  on  the  center, 
why  would  not  the  engine  move  with  the  operat- 
ing lever  in  compound  position  (back  notch)? 
Because  then  the  valves  would  be  as  in  Fig.  168 
and  no  live  steam  could  be  admitted  to  the  low- 


pressure  cylinder.  This  would  not  be  the  case  in 
starting  with  the  regulating  lever  in  either  of 
the  other  two  notches. 

BE00KS    TWO-CYLINDER   COMPOUND. 

This  design  is  of  the  two-cylinder  or  cross-com- 
pound type,  built  under  the  Player  patents,  having 
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the  high-pressure  cylinder  on  the  left  side  and  a 
receiver  in  the  smoke-box  between  the  two  cylin- 
ders, as  shown  in  Fig.  167. 

There  is  a  comhined  admission,  pressure-regu- 
lating and  intercepting  valve  located  either  on 
the  receiver  in  the  smoke-box  as  shown,  or  in  the 
cylinder  saddle,  which,  valve  upon  opening  the 
engine  throttle  admits  live  steam  at  a  reduced 
pressure  to  the  low-pressure  cylinder;  at  the  same 
time  the  intercepting  valve  automatically  closes, 
preventing  the  live-steam  pressure  from  working 
against  the  high-pressure  piston.  The  reducing 
valve  remains  open  until  the  pressure  in  the  re- 
ceiver, accumulating  from  the  high-pressure  ex- 
haust, becomes  equal  to  or  slightly  greater  than 
that  on  the  low-pressure  side,  when  the  valvo 
automatically  closes,  thereby  shutting  off  the  ad- 
mission of  live;  si  earn,  and  the  intern 
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place  through  the  stack;  however,  its  builders 
have  claimed  the  design  here  shown  to  be  "all  that 
is  necessary  to  give  the  engine  its  maximum 
power." 

The  operation  of  the  locomotive  is  as  follows: 
When  the  engine  throttle  is  opened,  live  steam  is 


Sr?/6?. 
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causing  this  valve  to  open,  passing  through  the 
hollow  portion  of  the  valve,  automatically  clos- 
ing the  intercepting  valve  against  its  seat  F  on 
the  receiver,  as  in  Fig.  169.  Steam  then  flows 
through  the  passages  in  the  intercepting  valve 
and  down  to  the  low-pressure  steam  chest,  as  in- 

Jtg  /70. 


JtrooXs  rrro-Cg/m&r  Compound 
Compeu  net  Jbsi/tien 

dicated  by  the  arrows.  To  render  them  readily 
distinguishable,  the  reducing  or  regulating  valve 
is  cross-sectioned  very  heavily,  while  the  inter- 
cepting valve  is  less  dark  in  appearance. 

From.  Figs.  169  and  170,  it  will  be  seen  that 
the  right-hand  end  of  the  reducing  valve  is  of 
larger  area  than  tbat  acted  upon  by  live  steam  at 
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its  seat  on  the  left-hand  end  E.  It  is  this  dif- 
ference that  causes  the  partial  closing  of  the 
valve,  thereby  throttling  the  steam  passing 
through  it  to  a  redueed  pressure.  These  areas 
being  about  two  to  one,  the  reducing  valve,  in 
order  to  equalize  the  work  of  the  two  cylinders 
iu  starting,  prevents  more  than  about  one-half 
the  pressure  in  the  dry  pipe  from  passing  to  the 
low-pressure  cylinder. 

As  soon  as  the  high-pressure  cylinder  has  ex- 
hausted sufficient  steam  into  the  receiver  to 
overbalance  the  reduced  live  steam  pressure 
holding  the  intercepting  valve  closed,  this  valve 
opens  automatically,  at  the  same  time  locking  the 
regulating  valve  against  its  seat  as  shown  in  Fig. 
170.  Exhaust  steam  from  the  high-pressure  cyl- 
inder then  flows  through  the  receiver  to  the  low- 
pressure  steam  chest,  as  indicated  by  the  arrows 
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attempt  should  be  made  to  place  the  slide  valve 
on  the  disabled  side  so  as  to  uncover  the  exhaust 
port  and  thus  give  an  exhaust  through  the  stack 

What  should  be  done  for  a  similar  accident 
to  the  high-pressure  side?  Just  the  same  as  for 
a  simple  engine.  There  being  then  no  exhaust 
into  the  receiver,  the  intercepting  and  reducing 
valve  would  admit  live  steam  to  the  low-press- 
ure cylinder  upon  opening  the  engine  throttle. 

What  mode  of  procedure  should  be  followed  in 
case  of  a  broken  valve  stem  or  rocker  arm?  Pro- 
ceed as  above,  according  to  which  side  was  broken. 

What  should  be  done  if  the  intercepting 
valve  became  broken  so  as  to  leave  an  open- 
ing between  both  ends  of  the  receiver?  The 
proper  method  would  be  to  disconnect  the  small 
steam  pipe  L  (Figs.  167  and  168)  and  insert  a 
blind  gasket.  The  engine  could  then  be  started 
and  worked  only  as  a  "strictly  plain"  compound 
and  should  not  be  stopped  with  the  high-pressure 
side  on  center,  as  no  live  steam  could  be  given 
the  low-pressure  cylinder  for  starting.  Without 
disconnecting  the  steam  pipe  the  engine  could  be 
run  in  with  part  of  a  train  by  reducing  the  boiler 
pressure  or  by  using  a  slightly  open  throttle,  in 
which  case  live  steam  from  the  reducing  valve 
would  pass  through  the  receiver  and  work  against 
the  high-pressure  piston  in  starting,  and  hence 
the  engine  should  not  then  be  stopped  with  the 
low-pressure  side  on  center. 

What  should  be  done  for  a  broken  reducing 
valve?  The  same  as  for  a  broken  intercepting 
valve. 
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Should  the  controlling  valves  fail  to  open, 
where  would  you  look  for  the  cause  of  the  trouble? 
They  operate  very  similarly  to  cylinder  cocks  and 
their  levers  becoming  disconnected  or  bent  may 
cause  them  to  either  fail  to  open,  or  remain  con- 
tinually open,  as  the  case  may  be.  The  remedy 
is  obvious. 

BROOKS    FOUR-CYLINDER   TANDEM    COMPOUND. 

The  Brooks  (Player  System)  of  four-cylinder 
compound  is  of  the  tandem  type,  that  is,  two 
cylinders  on  each  side,  one  ahead  of  the  other,  as 
shown  in  Fig.  109.  With  this  system  the  two 
low-pressure  cylinders  and  their  saddles  are  placed 
similarly  to  ordinary  single-expansion  cylinders, 
with  which  they  can  always  be  made  inter- 
changeable. They  are  of  course  larger,  have  a 
different  style  of  steam  chest  and,  bolted  prefer- 
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valves,  while  the  valves  for  the  Jiigh-pressure  cyl- 
inders are  of  the  piston  type  and  hollow,  having 
internal  admission  and  external  exhaust  edges. 
The  low-pressure  valve  is  controlled  by  the  usual 
eccentric  and  rocker  arms,  as  ordinary  with  simple 
engines.  It  is  rendered  advisable  to  have  an  in- 
ternal admission  with  the  high-pressure  valve  in 
order  to  lessen  the  cooling  of  the  steam  from  the 
boiler  as  well  as  for  constructive  reasons. 

On  account  of  the  high-pressure  valve  having 
internal  admission  and  the  low-pressure  valve 
having  external  admission  (the  latter  being 
usual  with  ordinary  slide  valves)  it  is  necessary 
that  these  valves  should  travel  in  opposite  direc- 
tions. This  is  accomplished  by  placing  in  the 
receiver  (as  shown  in  Fig.  171)  an  intermediate 
rocker  arm  A  which  is  connected  by  rods  to  both 
valves  and  has  arms  of  the  desired  ratio  to  give 
a  relatively  less  travel  to  the  high  than  to  the 
low-pressure  valve.  These  valves  are  so  propor- 
tioned that  when  running  in  nearly  full  gear,  the 
high-pressure  cut-off  takes  place  later  in  the 
stroke  than  the  low-pressure  cut-off,  but  when  the 
engine  is  hooked  up  the  relative  time  of  cut-offs 
changes. 

The  pistons  of  both  the  high  and  the  low- 
pressure  cylinder  are  fitted  upon  the  same  piston 
rod,  the  intermediate  head  between  the  two 
cylinders  having  suitable  metallic  packing,  as 
shown  in  the  illustration. 

On  the  low-pressure  steam  chest  is  fitted  a  re- 
ducing and  starting  valve  which  is  connected  with 
the  high-pressure  steam  pipe,  as  shown  with  the 
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reducing  valve  in  closed  position  by  Fig.  172. 
By  the  connection  of  a  rod  with  the  arm  of  the 
lift  shaft,  this  reducing  valve  is  automatically 
opened  whenever  the  reverse  lever  is  placed 
either  in  full  forward  or  full  back  gear.  In  the 
intermediate  positions  of  the  reverse  lever,  this 
reducing  valve  is  locked  to  its  seat  by  a  suitable 
spring,  so  that  it  is  rendered  inoperative  and  the 
engine  must  necessarily  work  compound  at  all 


times  and  under  all  conditions  of  steam  pressure 
when  the  reverse  lever  is  in  any  other  position 
than  full  gear.  Fig.  172  shows  the  range  of  the 
lift  shaft  arm  for  the  starting  valve  to  be  either 
open  or  closed.  This  combined  starting  and  re- 
ducing valve,  when  open,  permits  live  steam  to 
enter  the  low-pressure  cylinder  at  a  pressure 
equivalent  to  the  maximum  pressure  obtained  in 
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this  cylinder  when  the  engine  is  working  com' 
pound.  As  soon  as  the  engine  has  made  one 
complete  revolution,  the  receiver  becomes  charged 
sufficiently  by  the  exhaust,  from  the  high-pressure 
cylinder  to  close  the  reducing  valve  against  its 
spring,  thus  automatically  rendering  the  starting 

^Starting  Z/&fos-_  Ojaen- 
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chest  through  suitable  pipes,  into  the  annular 
steam  admission  cavity  surrounding  the  high- 
pressure  piston  valve,  thence  to  the  high-pressure 
cylinder,  and  exhausts  into  the  receiver — the  ex- 
haust from  the  forward  end  of  the  cylinder  pass- 
ing through  the  inside  of  the  hollow  piston  valve. 
The  low-pressure  steam  chest,  being  also  of  large 
size,  somewhat  increases  the  receiver  capacity,  so 
that  practically  uniform  pressure  is  maintained 
therein,  steam  from  the  receiver  being  admitted 
to  and  exhausted  from  the  low-pressure  cylinder 
by  an  ordinary  slide  valve  which  gives  a  dis- 
tribution in  that  cylinder  in  the  same  manner  as 
for  simple  engines. 

This  style  of  compound  has  been  in  operation 
for  several  years  and,  the  builders  state,  shows  an 
excellent  economy  in  fuel,  water,  and  repairs. 

Accidents  to  Brooks  Four-Cylinder  Tandem  Com- 
pound.— What  would  you  do  if  it  became  neces- 
sary to  disconnect  one  side  of  the  engine?  The 
same  as  with  a  simple  engine  of  similar  design 
in  other  respects. 

In  case  the  front  head  of  the  high-pressure 
cylinder  became  broken,  how  would  you  proceed 
in  order  to  run  the  engine  in  with  a  full  train? 
Remove  the  front  steam  chest  head,  place  the 
reverse  lever  so  as  to  throw  the  high-pr6ssure 
valve  clear  ahead,  disconnect  the  high-pressure 
valve  and  its  intermediate  rocker-arm  rod  (Fig. 
171)  and  block  this  valve  securely  in  the  center 
30  as  to  cover  all  ports;  then  block  the  starting 
valve  open  on  that  side,  thereby  allowing  live 
steam  at  a  reduced  pressure  to  enter  the  low- 
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pressure  cylinder.     This  will  enable  the  engineer 

to  slowly  handle  a  full  train,  but  should  not  be 
so  run  for  any  distance  or  the  high-pressure  cyl- 
inder will  be  badly  cut.  In  the  lighter  service  of 
passenger  trains,  the  engine  would  be  capable  of 
greater  speed  by  disconnecting  the  broken  side, 
blocking  the  valves  in  the  center  of  their  seats, 
and  running  with  one  side,  as  would  be  done  with 
a  simple  engine. 

If  the  intermediate  rocker  arm  or  the  valve  rod 
should  break  what  should  be  done?  Broken  at 
some  certain  points,  the  engine  might  be  treated 
as  for  broken  high-pressure  cylinder  head;  but 
the  preferable  procedure,  all  things  considered, 
would  be  to  disconnect,  on  that  side  and  be  sure 
to  block  both  valves  over  ports,  to  do  which  it 
may  bo  necessary  to  remove  front  steam  chest 
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put  the  reverse  lever  in  about  half  forward  gear 
and  allow  all  steam  previously  admitted  to  the 
pipes  to  escape  from  the  open  cylinder  cocks. 
Again  open  the  throttle  and,  as  steam  will  then 
be  admitted  behind  the  high-pressure  piston  only, 
a  blow  through  the  forward  low-pressure  cylinder 
cock  would  indicate  that  this  packing  was  blowing. 
The  same  operation  should  be  repeated  for  test* 
ing  the  other  side. 

Should  the  engine  fail  to  develop  its  proper 
starting  power  in  full  gear,  what  might  be  wrong? 
Open  the  cylinder  cocks,  with  the  throttle  open 
and  the  engine  standing,  and  if  steam  at  no  con- 
siderable pressure  escapes  from  the  low-pressure 
cylinder,  examine  the  attachments  connecting  the 
reverse  lever  with  the  starting  valves;  they  oper- 
ate similarly  to  the  ordinary  cylinder  cock  ar- 
rangement and  may  likewise  become  defective 
and  thus  fail  to  open  the  reducing  valve. 


f'OOKK   COMPOUND. 


Tho  compound  arrangement  for  two-cylindoi 
locomotives  built  by  the  Cooke  Locomotive 
Works  is  such  that,  by  moans  of  a  small  steam 
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cepting  valve  and  operate  the  reducing  valve  by 
a  suitable  lever  connection.  The  intercepting 
valve  is  placed  on  the  right-hand  side  of  the  en- 
gine within  the  saddle  of  the  low-pressure  cyl- 
inder and  in  the  passages  RE,  leading  from  the 
receiver  to  the  low-pressure  cylinder,  as  shown 
in  Fig.  174;  it  also  has  two  connecting  ports  A  A, 
leading  into  the  main  exhaust  to  the  stack.  By 
the  movement  of  this  valve,  steam  from  the  high- 
pressure  cylinder,  coming  through  the  receiver, 
can  be  thrown  out  to  the  atmosphere  instead 
of  being  allowed  to  pass  to  the  low-pressure  cyl- 
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inder  for  compound  expansion.  This  movement 
makes  an  independent  engine  of  the  high-press- 
ure side  and  at  the  same  time  opens  a  reducing 
valve  D,  Fig.  174,  which  supplies,  at  a  reduced 
pressure,  live  steam  from  the  boiler  to  the  low- 
pressure  steam  chest.  The  high-pressure  cylinder 
always  exhausts  into  the  receiver,  and  the  ex- 
haust from  the  low-pressure  cylinder  is  direct  to 
the  stack  with  either  simple  or  compound 
working. 

The  reader  will  notice  a  novelty  in  the  shape 
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of  an  additional  low-pressure  cut-off  lever  G, 
located  in  the  cab,  as  shown  in  Fig.  174.  This 
lever  is  sometimes  applied  to  Cooke  engines  of 
this  class  and  is  used  to  increase  or  decrease  the 
travel  of  the  slide  valve  on  the  low-pressure  side 
independently  of  the  valve  on  the  high-pressure 
side,  in  order  to  equalize  the  power  developed  on 
opposite  sides  of  the  engine  under  variable  con- 
ditions of  steam  pressure  and  different  positions 
of  the  reverse  lever. 


S&/77 


In/bree/i/ing 


OPERATION  OF  COMPOUND  LOCOMOTIVES.       ££» 

from  the  receiver  and  ports  EE  lead  to  the  low- 
pressure  steam  chest. 

To  start  the  engine  with  single  expansion  or 
to  run  it  thus  at  any  time,  the  engineer  pulls  the 
handle  of  his  engineer's  valve  V  in  the  cab  to  the 
back  notch.  This  admits  live  steam  through  the 
small  pipe  S  (Fig.  174)  to  outside  ends  of  the  two 
pistons  FF,  thereby  moving  them  and  their  at- 
tached intercepting  valve  pistons  until  the  two 
latter  come  together,  the  position  in  which  they 


Ceofie  CempouncL 
trAenSttgix*  «  running  Cem/tauxiZ 

are  shown  on  a  larger  scale  in  Fig.  177.  In  this 
position  the  intercepting  valve  has  closed  the 
ports  EE  to  the  low-pressure  cylinder,  and  the 
high-pressure  exhaust  into  the  receiver  can  pass 
out  from  ports  Bit,  through  the  hollow  intercept- 
ing valves  and  escape  to  the  atmosphere  by 
exhaust  ports  A  A  leading  to  the  main  exhaust,  as 
indicated  by  arrows.  The  extendedand  slotted  stem 
of  the  left-hand  intercepting  valvepiston  F(shown 
in  Figs.  174  and  175)  in  moving  to  the  right  has 
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pulled  with  it  the  crank  lever  iT(Fig.  174)  and 
opened  the  reducing  valve  D  which,  by  a  con- 
necting pipe  tapped  into  the  main  steam  passage 
of  the  high-pressure  side,  admits  live  steam  to 
the  low-pressure  steam  chest  through  pipe  J. 

When  the  engineer  desires  to  work  compound, 
he  pushes  the  handle  of  the  engineer's  valve  V  in 
the  cab  to  the  forward  notch,  thereby  admitting 
steam  through  pipe  C  (Fig.  174)  to  the  inner 
sides  of  the  two  intercepting  valve  pistons  FF 
and  forcing  them  and  their  valves  outward,  as 
shown  in  Fig.  178.  In  this  position  the  passage 
is  opened  from  the  receiver  through  the  inter- 
cepting valve  ports  RR  and  EE  to  the  low- 
pressure  steam  chest  (See  Fig.  174).  The  out- 
ward movement  of  the  pistons  FF  has  shut  off  the 
admission  of  live  steam  to  the  low-pressure  cyl- 
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valve  has  closed  the  ports  EE.  Thus  the  live 
steam  used  in  the  low-pressure  cylinder  in  starting 
cannot  reach  the  high-pressure  side  through  the 
receiver  and  produce  a  back  pressure  on  the  high- 
pressure  piston. 

The  builders  state  that  in  case  of  accident  to 
either  side  of  the  engine,  the  opposite  side  may 
be  run  for  any  length  of  time  as  a  simple  engine 
by  disconnecting  and  blocking  the  injured  side  in 
the  same  manner  as  for  single-expansion  loco- 
motives. 


DICKSON    COMPOUND. 

The  Dickson  Locomotive  Works'  compound  is 
built  under  the  Dean  patents  which  cover  special 
valves  both  for  automatic  and  for  convertible 
compounds,  but,  inasmuch  as  the  practical  infor- 
mation is  based  on  the  mechanism  for  the  former 
class  only,  the  detailed  description  will  be  con- 
fined to  the  automatic  compound. 

The  starting  and  intercepting  valves  are  placed 
on  top  of  the  high-pressure  steam  chest  on  the 
right  side  of  the  engine.  Upon  opening  the  throt- 
tle for  starting,  live  steam  is  admitted  to  both 
cylinders,  but,  after  a  stroke  or  two,  the  inter- 
cepting valve  automatically  opens  and  the  engine 
works  compound  thereafter. 

The  high-pressure  exhaust  port  (>  (Fig.  179)  is  in 
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double  portion  of  the  receiver.  The  object  of  the 
designer  has  been  to  obtain  a  very  large  'heating 
surface,  so  as  to  re-evaporate  some  of  the  water 


&2?  Cytinder 
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J?*c/ff07Z   Compound. 
condensed   in  the  high-pressure  cylinder  as   it 
passes  with  the  exhaust  steam  through  the  re- 
ceiver to  the  low-pressure  side.     From  the  re- 
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ported  economy  of  these  engines,  it  would  seem 
that  the  object  has  been  largely  attained. 

Referring  to  Figs.  179  and  181,  it  will  be  seen 
that  the  intercepting  valve  G  is  fastened  to  the 
annular  stem  //"  having  an  enlarged  top  above 
the  space  B  which  is  constantly  tilled  with  air 
pressure  or  live  steam  from  the  pipe  C  when  the' 
engine  throttle  is  open,  and  hence  sleeve  H  will 
he  found  at  the  top  of  its  travel,  as  illustrated, 
after  the  engine  has  started. 

The  operation  is  as  follows:  Open  the  throttle 
for  starting  and  live  steam  enters  the  high- 
pressure  steam  chest  from  the  induction  ports  J 
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receiver  and  low-pressure  steam  chest.  With  the 
intercepting  valve  G  closed  (down),  the  first 
high-pressure  exhaust,  acting  in  chamber  E 
through"  the  port  E\  causes  piston  N  to  lift  and 
close  the  converting  valve  L  (as  shown  in  Figs. 
179  and  181),  thereby  shutting  off  the  supply  of 
steam  from  F  to  the  central  tube  A3.     What 


steam  remains  in  this  tube  escapes  through  the 
relief  port  M  and  allows  the  intercepting  valve  G 
to  move  up  (open)  by  live  steam  pressure  from 
the  pipe  C  acting  in  the  annular  cavity  B,  as 
hereinbefore  described,  assisted  by  the  high- 
pressure  exhaust  below  G.  The  engine  then 
works  compound,  as  live  steam  is  shut  off  from 
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the  low-pressure  cylinder  and  the  exhaust  from 
the  high-pressure  cylinder  takes  its  place. 

The  engine  above  described  is  an  automatic 
compound,  that  is,  starts  with  live  steam  in  both 
cylinders  but  after  the  first  stroke  changes  auto- 
matically to  compound. 

The  inventor  of  this  system,  in  a  design  not 
shown,  introduces  a  reducing  valve  in  the  central 
tube  .-1  and  adds  a  separate  exhaust  valveoperated 
by  live  steam  from  a  three-way  cock  in  the  cab, 
thus  making  a  compound  of  the  convertible  class, 
hut  at  the  same  time  he  does  not  advise  convert- 
ible construction  in  compounds. 

Accidents  to  Dickson  Compounds. — What  should 
be  done  in  order  to  run  the  engine  in  with  the 
low-pressure  side  only?     Nothing  different  from 

simple  engine,  but  the  boiler  pressure  carried 
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RHODE   ISLAND   COMPOUND. 

The  type  of  compound  locomotive  built  by  the 
Rhode  Island  Locomotive  Works  is  sometimes 
known  as  the  "Batchellor"  system,  that  being 
the  name  of  the  inventor  of  the  device. 

In  the  saddle  of  the  low-pressure  cylinder  on 
the  left  side  of  the  locomotive  is  located  an  inter- 
cepting and  a  reducing  valve  and  in  the  "smoke- 
box  a  separate  high-pressure  exhaust  valve. 
When  the  throttle  is  opened,  the  engine  starts 
with  live  steam  in  both  cylinders.  With  the 
separate  exhaust  valve  closed  the  engine  auto- 
matically changes  to  compound  in  the  course  of 
a  complete  revolution;  with  it  open,  the  engine 
continues  to  work  as  a  simple  engine  as  long  as 
desired.  This  separate  exhaust  valve  is  operated 
at  the  will  of  the  engineer  by  means  of  a  three- 
way  cock  in  the  cab;  and  thus  the  engine  belongs 
to  the  class  of  convertible  compounds. 

Fig.  182  shows  a  vertical  section  lengthwise 
through  the  intercepting  valve,  with  the  latter  in 
the  position  when  the  engine  is  either  starting 
or  being  run  as  a  single-expansion  locomotive. 
Fig.  183  shows  the  same  section  with  the  inter- 
cepting valve  in  compound  position.  R  is  the 
receiver  port;  S  is  a  connection  from  the  main 
steam  pipe;  L  is  a  port  leading  to  the  low-press- 
ure steam  chest,  and  B  is  a  reducing  valve.  The 
intercepting  valve  is  composed  of  the  four  pistons, 
1,  2y  3  and  4,  of  which  the  last  works  in  an  oil 
dash-pot  C. 
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If  the  engine  had  stopped  after  running  com- 
pound with  the  valve,  as  in  Fig.  183,  and  the  en- 
gine throttle  were  then  opened,  live  steam  from 
the  pipe  8  would  force  the  intercepting  valve 
into  simple  position  as  shown  in  Fig.  182,  because 
piston  2  is  larger  than  piston  1,  In  this  latter 
position  small  port  /)  is  open  and  steam  from  8 
passes  through  it  and  the  reducing  valve  B  to 
the  low-pressure  side.  Piston  3  has  now  closed  the 
communication  with  the  receiver  It  in  which  one 
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the  receiver  R  is  connected  through  port  L  with 
the  low-pressure  steam  chest,  for  which  it  forma 
the  supply  thereafter,  as  indicated  by  the  arrows. 

The  port  leading  from  the  live  steam  supply  S 
into  the  intercepting  valve,  is  larger  than  it 
appears  from  the  illustrations,  as  it  extends  partly 
around  the  circumference  of  the  valve. 

The  separate  exhaust  valve  shown  in  Figs.  184 
and  185  is  placed  on  the  receiver  in  the  smobe- 


JTfy./&3. 


box  and,  when  opened  by  pressure  through  pipe 
P  leading  from  a  three-way  cock  located  in  the 
cab  and  under  the  control  of  the  engineer,  con- 
nects the  receiver  with  the  main  exhaust  pipe. 
The  opening  of  this  valve  will  thus  permit  the 
high-pressure  exhaust  to  escape  and  there  will 
b«  no  accumulation  of  pressure  in  the  receiver. 
Hence,  from  the  previous  explanation,  it  will  be 
seen  that  the  intercepting  valve  remains  in  sim- 
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pie  position  (Fig.  182)  until  such  time  as  the 
engineer  closes  the  separate  exhaust  valve,  when 
a  stroke  of  the  engine  automatically  changes  the 
mechanism  to  compound  position,  as  before  de- 
scribed when  starting. 

The  operation  of  the  separate  exhaust  valve, 
shown  in  Figs.  184  and  185,  is  very  simple.  Press- 
ure admitted  from  the  cab  through  pipe  P, 
moves  the  valve  Ffrom  its  closed  position  (Fig. 
1S5)  to  the  right  and  vents  the  receiver  pressure 
direct  to  the  exhaust  pipe,  as  indicated  by  the 
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valve  so  that  no  pressure  can  accumulate  in  the 
receiver.* 

What  would  you  do  with  a  broken  intercept- 
ing or  reducing  valve?  Open  the  separate  ex- 
haust valve  and  run  with  very  light  throttle,  or, 
preferably,  carry  a  reduced  boiler  pressure. 

Would  the  working  of  the  engine  be  affected 
if  the  separate  exhaust  valve  V  were  broken? 
Probably  not;  but,  if  it  left  an  opening  between 
the  receiver  and  the  exhaust,  the  engine  would 
run  as  a  simple  locomotive  only. 


*A8  remarked  elsewhere  in  relation  to  designs  having  a  sep- 
arate exhaust  valve,  if  it  were  the  high- pressure  side  that  was 
disconnected,  it  would  not  be  necessary  to  open  the  separate  ex- 
haust valve  unless  there  was  some  leakage  of  steam  into  the 
receiver. 
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AIR    BRAKE    TESTS. 


The  following  tests  made  by  the  general  man- 
ager of  a  large  railroad  in  the  south,  clearly 
demonstrate  that  the  air  brake  used  alone  is 
better  than  the  brakes  with  the  reverse  lever,  or 
than  the  reverse  lever  alone. 

The  table  of  these  teste  here  produced  is  taken 
from  the  published  reports  of  the  Air  Brake- 
men's  Association  Proceedings  for  1895: 

Conditions  of  the  test  were  as  follows: 

Driving  brake  power,  seventy  per  cent;  tender, 
one  hundred  per  cent;  N.  C.  &  St.  L.  coaches, 
ninety  per  cent;  Pullman  Sleeper,  forty  to  one 
hundred  and  one  per  cent. 

Boyer  speed  recorder  was  used  and  tests  were 
made:  first,  brakes  applied;  second,  engine  re- 
versed; third,  sand  lever  opened.  Track  was 
level,  in  best  possible  condition,  and  all  circum- 
stances favorable. 

From  the  record  of  tests  the  following  valu- 
able information  was  derived: 

First.  Best  stops  are  made  with  braking  power 
not  quite  strong  enough  to  skid  wheels. 

Second.  Length  of  stop  is  the  same  in  re- 
versing the  engine  whether  cylinder  cocks  are 
opened  or  closed. 
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die  oetter  than  wi 
engine  being  reversed.  The  stop  is  quiet 
there  are  no  Hat  spots  obtained. 

Fifth.     Enough  sand  is  much  better  th 
much. 

Sixth.  Sand  should  be  used  before  whee 
skidding,  as  its  use  will  not  start  the  whe 
volving  when  once  skidding;  it  will  simj 
crease  the  flat  spots. 

Seventh.     Sand  being  used  on  a  straight 
the  drivers  did  not  lock  when  the  engine  w 
versed,  but  on  a  curve  they  would.    On  a 
the  engine  rocks,  and  sand  is  not  so  like 
strike  the  rail. 

Eighth.  In  expected  emergencies,  the  di 
did  not  lock  when  sand  was  used  before  b 
were  applied  and  engine  reversed,  but  it  to< 
long  to  get  the  sand  running  first,  that,  in  th( 
the  stop  was  not  made  as  quickly  as  with  i 
pected  emergencies  where  the  engine  wa 
reversed. 

Ninth.     The  unexpected  emercflnn^»  — 
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nines  per  hour. 

H.  Applying  brakes,  while  train  was  sta 
still  to  show  rapidity  of  application. 

4.  Emergency  stops,  train  running  at 
miles  an  hour. 

5.  Service  stops,  and  time  of  release, 
bition  of  smoothness  of  ordinary  stop  and  ti 
release. 

6.  Hand  brake  stops  at  *twenty  mile 
hour  with  five  brakemen  at  their  posts.  At 
falo  there  were  seven  brakemen. 

7.  Breaking  train  in  two. 

8.  Emergency  at  *twenty  miles  per  hou 
brake  leverage  having  been  increased  to  giv 
quickest  stop  possible.  In  the  seven  pre 
tests  the  usual  safe-braking  power  was  used 

9.  Emergency  stop  at  *forty  miles  per 
same  leverage  was  test  8. 

10.  A  train  of  twenty  freight  cars  and  a 
of  twelve  ordinary  passenger  coaches,  run  i 
beside  each  other  on  parallel  tracks,  each  1 
about  the  same  weierht  and  lpnarfVinff^a^o  «~ 
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PRINCIPLE   OF   THE    AIR   PUMP. 

Note. — In  Volume  I.  Railway  Eqiupment  the  air  pump  is 
referred  to,  but  not  minutely.  For  that  reason  it  has  been 
thought  well  to  embody  a  particular  description  of  it  here  in  con- 
nection with  the  Engineers9  and  Firemen's  Manual,  as  it  in 
every  case  forms  a  part  of  their  examinations  in  regard  to  fit- 
ness, or  in  the  absence  of  such  examinations  is  of  value  to  them 
as  explaining  a  part  of  their  work.  The  information  is,  there- 
fore, embodied  here  for  the  purpose  of  making  a  more  thorough 
exposition  of  the  subject  M.  M.  K. 

SUPPLEMENTARY    REMARKS. 

The  air  pump  used  in  compressing  the  air  for 
the  use  of  the  automatic  air  brake  is  placed  on 
the  locomotive,  usually  on  the  engineer's  side  of 
the  boiler  and  immediately  in  front  of  the  cab, 
although  it  is  occasionally  located  similarly  on 
the  left-hand  side.  It  is,  however,  becoming 
more  and  more  the  practice  to  place  a  pump  on 
each  side  of  the  locomotive,  so  that  there  will  be 
one  in  reserve  should  the  other  fail. 

When  we  consider  the  many  efforts  made  to 
reduce  engine  failures  and  understand  that  an  air 
pump  failure  almost  invariably  results  in  a  delay 
which  is  charged  up  against  the  locomotive  depart- 
ment as  an  engine  failure,  it  seems  as  though  it 
would  be  advisable  to  place  two  pumps  on  all 
locomotives  or  employ  some  such  device  as  the 
Sweeney  Brake,  illustrated  and  described  else- 
where. 

(811) 


boxes,  runs  the  piston  rod   connecting  the 
steam  piston  above   with   the  air  piston 
On  top  of  the  steam  cylinder  is  the  stean 
which  contains  practically  all  of  the  valve  ] 
of  the  nine  and  one-half  inch  pump;  it  ^ 
evident  from  this  last  fact  alone  that  thi 
of  pump  is  superior  to  the  former  six-inc 
eight-inch  pumps  not  only  because  of  its 
size,  but  also  because  these  smaller  pumps 
a  portion  of  their  valve  mechanism  in  the 
steam  cylinder  casting  of  the  pump;  thus  : 
be  seen  that,  by  the  removal  of  the  top  h 
the   nine   and   one-half  inch  pump,   an   • 
change  of  the  valve  mechanism  is  effecte< 
it  is  this  portion  of  a  pump  that  is  most  lik 
become  defective. 

These  two   smaller  sizes  of  pumps  (sh 
eight  inches  in  diameter,  respectively,)  are 
so  generally  supplanted  by  the  larger  (nin 
one-half   inch   size)   that  it  is  not    consi 
necessary  herein  to  describe    their    open 
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Nine  and  One-half  Inch  Aib  Pomp. 


flO. — Top  Head,  complete. 
flu— Steam  Cylinder,  complete. 
83.— Center-piece,  complete. 
SB.— Air  Cylinder,  complete. 


—Piston  Rod  Nut. 
-       ruing  Valve  Plat 


"alve  Chamber  Cape, 
tuning  B 


— Re»ei*ln« 

-Main  Valve  Bushing. 
—Main  Piston  Valve,  c      . 

—Main  Valve  Piston,  Large  Head,    llfi  -Drain  Cooks. 
-Main  Valve  Piston,  Small  Htad.    ■"*      -'--■-'■■-■■ 
II  vol  11 


W— Slutting  Box  Nuia. 
ST.— Htufflng  Box  G  lands. 
B8.— Air  Cylinder  Oll-oup. 
~  -Drain  Cooks. 
—Air  Strainer, 
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Each  upward  and  each  downward  stroke  of  the 
steam  piston  causes  a  corresponding  movement 
of  the  air  piston  in  the  lower  cylinder.  In  this 
air  cylinder  are  two  sets  of  valves  that  lift  when- 
ever the  pressure  below  them  is  greater  than  that 
above;  thus  both  the  top  and  the  bottom  sides  of 
the  air  piston  have  valves  to  admit  air  from  the 
atmosphere  when  the  piston  is  receding,  and  this 
valve  closes  as  soon  as  the  piston  reverses;  the 
air  that  is  drawn  in  on  the  previous  stroke  is  then 
compressed  until  the  pressure  in  the  air  cylinder 
is  greater  than  the  pressure  in  the  main  reser- 
voir, when  the  discharge  valve  is  lifted  from  its 
seat  and  this  compressed  air  discharged  to  the 
main  reservoir.  There  is  one  upper  and  one 
lower  discharge  valve.  The  pump  is  double  act- 
ing, discharging  and  drawing  in  air  at  one  or  the 
other  side  of  the  air  piston  on  both  the  up  and 
the  down  stroke. 

To  move  the  air  piston  the  steam  must  be 
alternately  admitted  first  to  one  side  and  then  to 
the  other  of  the  steam  piston  in  the  upper  cylin- 
der. This  admission  is  regulated  by  the  valve 
motion  of  the  upper  head  which  consists  of  a 
slide  valve  covering  two  steam  ports  leading  to 
either  side  of  the  steam  piston  and  an  exhaust 
port  leading  to  the  atmosphere.  On  top  of  this 
slide  valve  is  always  steam  pressure  when  the 
pump  is  working;  but  this  downward  pressure  of 
the  steam  on  the  slide  valve  would  effect  no 
change  of  its  position  without  some  form  of  valve 
motion,  so  there  are  two  small  pistons,  one  on 
either  side  of  the  slide  valve,  attached  to  the  ends 
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of  ti  stem  having  two  collars  between  which- this 
small  slide  valve  is  held  and  thus  shifted  back 
and  forth  in  the  same  manner  as  an  eccentric 
wouldrever.se  the  positions  of  its  ordinary  "IJ" 
slide  valve  on  a  steam  engine.  These  two  pistons 
that  operate  the  slide  valve  are  of  different  diam- 
eter and  eoiwequently  when  the  same  pressure 
per  square  inch  is  bearing  on  their  inside  surfaces 
the  greater  piston  is  going  to  overcome  the 
smaller  and  pull  the  slide  valve  in  its  direction 
thereby  uncovering  a  port  and  admitting  steam 
to  the  under  side  of  the  main  steam  piston  and 
forcing  it  upward  while  at  the  same  time,  by 
means  of  the  cavity  underneath  the  slide  valve, 
the  upper  side  of  the  steam  piston  is  connected 
■  ithtln.-   ;il  nmsplnTe    Himngh    an    exhaust  port. 
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is  done  by  the  engaging  of  the  main  piston  with 
the  same  reversing  stem  that  it  struck  on  ap- 
proaching its  upper  limit,  only  now  it  is  at  the 
approach  to  its  downward  termination  that  it 
pulls  down  this  stem,  thereby  drawing  its  small 
slide  valve  with  it,  which  valve  permits  the  steam 
previously  admitted  to  the  outer  side  of  the 
larger  slide-valve  piston  to  escape  to  the  atmos- 
phere through  suitable  ports.  Hence  the  situa- 
tion is  as  at  first  found — with  a  larger  and  a  smaller 
piston  acted  upon  from  the  inside  in  opposite 
directions  and  no  pressure  on  their  outside  sur- 
faces; the  larger  one  overcomes  the  smaller  and 
draws  the  slide  valve  to  the  position  as  at  the 
outset.    (See  Fig.  K1.) 

As  these  ports  are  not  large,  it  is  easy  to  see 
how  small  an  object  it  would  take  to  obstruct 
the  passage  of  steam  and  consequently  cause  the 
pump  to  stop  the  same  as  though  some  part  were 
broken.  That  is  the  reason  that  the  use  of  noth- 
ing but  metallic  gaskets  is  advised  in  the  steam 
connections  to  the  air  pump. 

■ 

THE  NINE  AND  ONE-HALF    INCH  IMPROVED  AIR  PUMP. 

As  will  be  seen  by  reference  to  Figs.  Kx  and 
and  K2  of  the  accompanying  cut,  the  valve  mo- 
tion of  the  pump  consists  of  two  pistons,  77  and 
79,  of  unequal  diameter,  mounted  on  the  rod  81, 
while  a  slide  valve  83,  of  the  "Z>"  type,  held  in 
position  between  them  provides  for  the  distribu- 
tion of  steam  to  the  upper  and  lower  sides  of  the 
main  steam  piston  65,  as  required.     Steam  enters 


MCL»een  tne  two  pistons  77  and  79  v 
reason  of  the  greater  area  of  the  former 
to  the  right  to  the  position  in  which  tin 
shown  in  Fig.  1,  thus  admitting  steam 
ports  b  and  passages  bl  and  b2  to  the  ui 
of  the  main  piston  65  and  forcing  it 
while  the  steam  previously  used  on  the 
side  in  forcing  the  main  piston  65  dowi 
exhausted  to  the  atmosphere  through  p 
port  c\  and  cavity  B  of  the  slide  valve  8i 
and  passage  d1  and  d2  at  the  connection 
whence  it  is  conveyed  by  a  suitable  pip 
smoke-box  of  the  locomotive. 

In  Fig.  K*  is  shown  the  outside  view 
main  valve  bushing  75  giving  the  sever, 
and  steam  passages  therein,  of  which  por 
municates  between  chamber  E  in  the  ma: 
head  85  and  the  exhaust  passage  f\  and  1 
in  constant  communication  with  the 
atmosphere,  relieving  the  pressure  on  the 
of  the  main  valve  piston  79  exposed  to  c 
E.     A  reversing  valve  72  nnorQ+nn  ;-   - 
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space  D  between  main  valve  piston  77  and 
the  head  84,  and  is  shown  in  Fig.  2  in  position  to 
exhaust  the  steam  previously  used,  from  the 
space  D  through  port  h  (Fig.  K*)f  port  hl  (Fig. 
K*)f  reversing  valve  cavity  H  and  ports  /  and 
fl  to  the  main  exhaust  ports  d  and  dl  and  cr. 

It  will  at  once  be  apparent,  having  described 
how  the  surfaces  of  main  valve  pistons  77  and 
79,  exposed  in  chambers  D  and  E,  respectively, 
are  free  from  pressure  other  than  the  atmosphere, 
that  the  steam  on  the  insides  of  these  pistons  in 
chamber  A  is  exerting  a  force  against  both  pistons, 
but  the  total  force  to  the  right  is  the  greater  on 
account  of  the  greater  area  of  the  larger  piston 
77.  This  effect,  however,  is  reversed  when  the 
main  piston  65,  approaching  the  upward  termina- 
tion of  its  stroke,  strikes  the  shoulder,  jf  of 
the  reversing  valve  rod  71,  forcing  the  rod  and 
its  valve  72  upward,  causing  the  admission  of 
steam  from  chamber  C  to  chamber  D  through 
ports  g  and  gl  (Fig.  JST3),  thus  balancing  the 
pressure  on  both  sides  of  the  main  valve  piston 
77,  so  that  the  steam  in  chamber  A,  acting  upon 
the  effective  inside  area  of  the  main  valve  piston 
79,  forces  it  to  the  left  and  live  steam  is 
again  admitted  to  the  upper  side  of  the  main 
steam  pistou  65  (while  the  steam  below  piston 
65  is  allowed  to  exhaust),  and  thus  forcing  it 
downward  until  at  the  lower  termination  of  its 
stroke  the  button  head  on  the  lower  end  of  the 
reversing  valve  stem  71  comes  in  contact  with 
the  reversing  valve  plate  69,  again  moving  re- 
versing valve  72  to  the  position  shown  in  Fig.  K2, 
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uy  means  oi  ttie    main  piston 
lettered  65)  and  air  from  the  outside  at 
is  drawn   alternately  into  the  respectiv* 
the  air  cylinder  63  through  the  screei 
106  at  W9  chamber  F>  and  receiving  val 
the  left,   Fig.  IT,  and  from  thence  di 
under  pressure  through  discharge  valv< 
the  right,  Fig.  K1  to  chamber  G  and  t 
reservoir  to  which  the  pump  should  be  cc 
by  one  and  one-fourth  inch  pipe  at  Z.    Tj 
the  receiving  and  discharge  valves  86  si 
three  thirty-seconds  of  an  inch. 

This  pump  should  receive  as  great  care 
recommended  for  all  previously  designed 
The  admonition,  however,  to  use  only  a  ve\ 
amount  of  oil  in  the  air  cylinder  will  bear 
ing.  Ample  provision  is  made  for  draii 
means  of  two  cocks,  Figs.  105,  E?  and  K*9 
in  the  steam  passages  a  and  b\  which  sh 
left  open  in  starting  the  pump  and  in  wi 
all  times  when  the  pump  is  not  working. 
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THE   LOCOMOTIVE   LUBRICATOR. 

Although  many  engines  (notably  marine  en- 
gines using  distilled  feed  water)  have  been  run 
successfully  without  cylinder  lubrication  other 
than  that  of  the  steam  that  is  condensed  about  the 
walls  of  the  chamber,  as  higher  boiler  pressure 
became  used  in  locomotive  practice  it  was  found 
advisable  to  employ  oil  in  the  lubrication  of  the 
cylinders. 

The  boiler  of  a  locomotive  is  probably  forced 
more  at  times  and  more  steam  is  taken  from  it 
in  a  given  time  than  from  that  of  any  other  boiler 
of  the  same  size.  This  causes  priming  and  more 
or  less  of  the  water  is  carried  with  the  steam  into 
the  cylinders.  Hence,  if  the  water  has  much  of 
any  incrustating  matter  in  solution,  much  of  it 
reaches  the  valves  and  valve  seats,  the  pistons 
and  cylinders,  and  results  in  cutting  these  surfaces 
to  a  considerable  extent,  even  with  the  most 
approved  methods  of  lubrication. 

The  original  method  employed  for  oiling  the 
valves  and  cylinders  was  by  means  of  an  oil  cup 
located  on  top  of  the  steam  chest  through  which 
cup  oil  could  be  supplied  to  the  valves  and  cylin- 
ders below  whenever  steam  was  shut  off. 

(821) 


Am  Brake  Lubricator— Sectional  View.   (Na 
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This  necessitated  the  engineer  or  fireman  going 
to  the  front  end  of  the  engine  and  pouring  oil 
in  these  two  cups — one  or  either  side.  This  was 
neither  convenient  nor  always  safe.  About  the 
year  1864  the  next  improvement  made  was  in  the 
placing  of  these  oil  cups  in  the  cab  and  connect- 
ing them  by  sloping  pipes  to  either  steam  chest. 
Thus  the  oil  could  be  supplied  by  the  enginemen 
without  their  leaving  the  cab. 

After  many  designs  of  hand  oilers  had  "been 
used,  the  necessity  for  an  even  flow  of  oil  to  valves 
and  cylinders  of  locomotives  was  met  in  the  year 
1872  by  the  introductioirof  the  steam-chest  oiler 
that  could  be  filled  and  an  adjustment  made 
whereby  a  constant  and  controllable  flow  of  oil 
was  had. 

In  1883  the  first  down  drop-feed  lubricator  made 
its  appearance,  one  being  provided  for  each  cyl- 
inder. These  lubricators  were  located  in  the  cab 
with  pipes  leading  to  each  steam  chest. 

In  1885  this  was  changed  to  the  up  drop-feed, 
one  lubricator  for  each  cylinder  being  used,  how- 
ever, until  1886,  when  the  double  sight  feed  lubri- 
cator was  put  in  use.  From  the  time  of  the  intro- 
duction of  the  air  brake  and  consequent  use  of 
the  air  pump  up  to  1888,  a  separate  lubricator 
was  used  for  air  pump  lubrication.  In  that 
year,  however,  another  feed  was  added  to  the 
cylinder  lubricator  making  it  a  triple  sight  feed 
lubricator,  as  at  present  used. 


• 
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Fia.  89. 


1.— Condenser. 

9.— Filling  Plug. 

8. -Auxiliary  Oiler. 

4.^Safety  Oiler. 

B.— Reducing  or  Choke  Plug. 

8 — Stud  Nut. 

9.— Sight-Feed  Glass. 

~     —Sight-Feed  Noz«le. 


—Lower  Sight  Bracket  (fur  cylinder.) 
11a.— Lower  Sight,  Bracket  (for  air  brake.) 
18.— Regulating  Valve. 
19.— Bottom  Plug. 
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INTRODUCTION. 


What  follows,  while  seemingly  uninviting, 
represents  long  continued  labor  and,  taken  in 
connection  with  what  precedes  it,  completes  the 
subject  of  railway  carriage.  It  is  at  once  an 
Index  and,  in  many  respects,  an  Encyclopedia  or 
key  to  the  door  of  railway  knowledge.  By  its 
aid  the  student  may  pick  out  from  the  woven 
fabric  the  particular  thread  he  seeks  and  follow 
its  devious  windings  through  the  different  divi- 
sions of  the  railway  service  with  which  it  is 
connected  and  thus  obtain  a  connected  view  of 
every  subject,  no  matter  how  trivial  it  may 
seem. 

I  do  not,  of  course,  claim  that  I  have  exhausted 
the  subject.  If  a  man  could  do  this,  there  would 
never  be  but  one  book  written  on  a  subject;  but, 
fortunately,  what  one  man  writes  only  serves  to 
stimulate  the  ambition  and  broaden  the  minds 
of  others.  I  have  discovered  this  in  my  own 
experience.  Some  of  my  books  have  been  re- 
written many  times.    What  they  represent  today 

<3) 
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is  an  evolution,  not  only  in  railway  affairs  but  in 
my  own  life  and  experience  as  a  writer.  In  my 
early  experience  I  called  in  from  the  publishers 
and  burned  many  hundreds  of  books  because  I 
became  dissatisfied  with  them.  What  seemed  at 
first  worthy  of  being  printed,  I  discovered  upon 
reflection  and  further  investigation  to  be  grossly 
deficient,  heuco  the  books  called  in  and  burned, 
to  be  re-written  and  burned  again  and  again. 
However,  they  served  as  a  guide  until,  finally,  I 
have  been  able  to  write  something  that  seems  to 
me  worthy  of  being  read.  I  hope  that  I  may  not 
be  alone  in  this  belief,  but  that  my  readers  may 
feel  that  after  many  years  of  effort  I  have  written 
something  worths  "^  their  perusal. 
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[Bzplahatobt  Nora.— In  consulting  this  general  index  the  reader  will 
note  that  following  each  subject  are  Roman  numerals;  these  refer  to  the  par- 
ticular Tolume  of  the  series  to  which  reference  is  made;  the  Arabic  figure* 
following  denote  the  page.    Thus  an  item  as  follows; 

Accidents 1,287;  II,  260;  V,  5?0;  IX,  127;   XIt87 

would  mean  that  the  subject  of  Accidents  is  referred  to  in  Volume  I,  at  page 
987;  Volume  II,  at  page  280;  Volume  V,  at  page  870;  Volume  IX,  at  page  127; 
Volume  XI,  at  page  87.] 
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Abbreviations,  Avoidance  of— in  Ordering  Material VII,    60 

Use  of ¥1,94,111.  123 

44  u     u  — in  Telegraphic  Orders IV,  392 

Ability,  Administrative II,  124 

Abraham,  Carriage  in  Time  of XI,  153 

Absolute  Block  System IV,  293 

44  English— Rules  Governing...  IV,  456-463 

Absolutism II,  18,    19 

Abstracts,  Daily  Traffic X,  53,  54,    57 

Errors  in VI,  195 

Freight IX,    45 

44  u      —Comparison  of,  with  Way  Bills. X,  111 

*  tt      —English VI,  324 

44        Notices  of  Errors  and  Omissions  in — Rules  Gov- 
erning  VI,  195 

14         of  Freight  Received VI,  210 

44  Interline  Way  Bills  Forwarded  .VI, 227, 228, 230,  234 

111444  u  Received VI,  228-230,  235 

tt  *  Local  Way  Bills  Forwarded .  ...VI,  223-226.  230,  232 

44  Received VI,  227, 230,  233 

Way  Bills IX,  44,    45 

Rules  Governing VI,  230-232 

44        Traveling  Auditors' IX,  149 

Acadlans,  The II,  130 

Accident,  Amelioration  of  the  Condition  of   Railway  Men 

and  Their  Families  in  Cases  of X,  291-353 

44         Insurance  Funds,  in  Germany X,  345-347 

Accidents II.  199, 234;  III,  261, 293, 332, 430:  IV,  403,  4<>4 

Assistanceat IV,363,381,  382 

at  Crossings IV,  130,  131 

(ID 
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Accident*  Canned  by  Color  Blindness IV,  242,  243 

"  -       "   Meutlng  Care 1V.181-183 

■  Causes  of  1,380;  IV,  124.  125 

"  Due  to  IMectlve  Equipment IV,    60 

"  Intorinatloo  in  Regard  to IV,  133 

"  Judicial  Notice  ot IV,  127 

Legislation  to  Prevent. VIII,  318 

"  Obstruct  Ion  of  Mala  Track  by IV,  377,  378 

"  Prevent  I. .ii  ol— at  .-jiatlooB ...IV,  121 

Railway-in  Karly  Dsya Ill,  121 

Relation  of  Discipline  to IV,  126-127 

*  *        ■  Speed  to i  V,  125 

RMiiinsKeet  of  l.nwu  Helming  to IV,  127,  128 

Reporting IV. 361,3*1,  415,428,  435;  V,  177 

"  to  Haegage V.327,  328 

-  Kmp.oies IV,  122,  123 

Train 1.&13;  IV,    81 

Writiugson IV,  107-109 

Accommoda'.ious,  Interior— of  Cars. V,    28 

PaKcenger V,    25 

-In  America V,3I,    32 

Accordion  Car. I,  204 

Accountant II,    63 

Car IV,  68;  VI.  40. 63.  67,  68;  X.    67 

Accountants.  Car— International  Aeaorlatlon  of VI,    54 

Characteristics  of  .- IX. 153-167 
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Accounting,  Detail 8  of — in  Connection    with   Construction 

Work VII,  469-471 

*  Effective X,    24 

**            Effect  on  Cost  of— by  Charging  for  Transporta- 
tion of  Railway  Material VII,  202 

44  Expenses  of II,  279 

*  Expensive  Systems  of X,    26 

44  Extravagance  in VII,  238 

*  for  Excess  Baggage  Revenue V,  606-514 

44  FormsUsedin V,    71 

44  Freight , VI ,  79,  82-85 

44  Knowledge  Possessed  by X,    64 

44  Necessity  of  Clearness  and  Accuracy  in .  .IX,  297-306 

Officer,  Assistants  of 11,283,284 

44      Authority  of II,  291 

44      Discretion  of II,  289 

44      Duties  of , II,  272-305 

*  *  —His  Relation  to  Other  Officers .  .II,  291,  298 

*  u      —Meaning  of  Title II,  141 

*  *      Officeof V,69,    70 

*  *      Relation  of— to  Manager II,  299-301 

*  "  —to  Treasurer II,  192,  193 

"  *      Requirements  of V,  72-74 

14      Title  of VII,  249 

*  Officers V,  607 ;  VI,  18;  X,  48,    49 

"                  u       Association  of  American  Rail- 
way  II,  278;  V,  13 ;  VI,  92,  125 

44       English 11,274 

*  Presumption  of  Errors  in IX,  37,    39 

Railway— Diversity  in  Methods  of VII,  236 

44      —Needs  of VI,  87-90 

"  Systems  of IX,  85,    86 

The  Author's  Method  of VI,  89,    90 

44  Transition  State  of X,  26,    27 

Use  of  Carbon  Sheets  in VI,  89,    90 

Accounts I,  267 

**         Access  to — by  Treasurer II,  192 

M         Advantages  of  Efficient  System  of IX,  219,  220 

*         Against  Persons  for  Material  and  Labor  .  .VII,  414-429 

Agents'— Auditing V,  84,  85;  IX,  307 

44  u        —Principles  Governing IX,  35-64 

44  •*         —Transferring IX,  266-261,  411,  412 

44         and  Cash,  Concentration  of II,  285,  286 

44         Appliances  of V,    72 

44         Arrangement   of  —  in  Distribution    of   Material 

Book VII,  319 

44  Auditing II,  285, 286, 291,  300;  X,  24,  68,  91,  199 

Authentication  of II,  283 

44         Baggage— Auditing X,  134 

44         Balancing IX,  407  411 
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Accounts.  Bank— Amll  ting. X,  SCO 

"  Books  ol— Necessity  of X,    28 

Certifying X.    St 

*  Changes  to X,    49 

— Cbs'iiid-i  Through  WMou  They  Pua   X,  88-90 

"         Cheapening - ....II.  279 

"  CoDeitmit  nf   V.  f.19,  637 

"         Complication  of II,  383 

*  Conductors*— Auditing V,  84.  SA;  IX,  307 

"  Construction VII, 107.  198 

— •■liissilicatloDof VII,  460-469 

Corporate IX,  310-221 

_nn  What  Based  .   X,    4B 

Cornel  ton  of  KrrorsIti...Vl,  187.186;  JX,  4».  3>*.  I -3fi(i 

u         Corros|ni!!iiein«  In  Regard  to .V,  173 

"  Covering  I" [>  Dffleicinjles  in IX.  13G,  137.139.  140 

Current.  Agent* IX.  tUMttti 

"  Dlfreronl  McMhkIfs  of  Keeping X,64,    65 

"         Dining  Car  Service VII,  301,  30i 

"  Disbursement II.  290 

"  Methoil  of  Keeping VII    243 

"  "  Ncvc^itv  of  Aci'iirni'V  »tul  Detlnite- 

iiessin VII,    iv 

"  "  Summarizing X.S*,     89 

Dippf.=itio,i  of  Supplied  in VII.  28,    29 

Division  of X,  60-62 
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Accounts,  Necessity  of  Accurate I,  281 

Object  of X,  21-34,    49 

of  Railways V,  72 ;  VIII,  296-298 

Omissions  from IX,    39 

—On  What  Based VI,  81,    82 

Operating Ill,  404 

44         —Charges  Against VII,    64 

Organization  of IX.  26, 46;  X,  35-59 

44         Passenger 11,248 

—Auditing IX,  117;  X,  121-134 

—Auditor  of V,v,    81 

Pay VII,  353,  354 

44  u   — Accessto VII,  369 

Paying X,  199,  275 

44         Paymasters1 X,  238 

44         Payment  of— by  Agents IX,  180,  181 

Purpose  of V,  190 

Railway ...  X,  21-34 

u  u      —Appliances  of X,40,    41 

44  u       —Auditing II,  258,  259 

44  tt      —Classified  Schedule  of X,  357-361 

44  tt      —Different  Methods  of  Keeping IX,      x 

44      —Difficulty  of  Handling X,    35 

«      —Necessity  of  VI,    77 

44  tt      —Uniformity  in VII,  237 

44         Recapitulations  of VII,  538-541 

44         Revenue II,  290 

44         Rules  for  Handling VI,84,    85 

44         Should  Be  Impersonal II,  305 

44         Special VII,  414-429 

44         Spreading— on  General  Books X,  63-69 

Station IX,  124-157 

44      —Auditing IX,  77-97 

44  **      — Examination  of 

IX,  136-138, 140, 141, 226-231,  236-240,  248 

44         Statistical X,  28,    29 

Supervision  of II,  285,  292 

14  Suppression  of IX,  65, 96;  X,    68 

Systems  of II,  296 

— Their  Effect  Upon  the  Care  and  Repair  of  Loco- 
motives and  Cars 1, 281,  282 

Theory  of X,  63-69 

Ticket V,'75;  IX,  108,  109 

44       — Bureauof V,    17 

— Communications  Referring  to V,  175 

— Handling,  in  America V,    81 

Track Ill,  206, 284 ;  VII,  111 

Traffic IX,  341 

—Auditing II,  248,  249 

—Posting X,    68 
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Accounts,  Treatment  of  riitikiri^  Funds  in Ill,  104 

Uniform  Method*  of. X,  38-44 

Uniformity  In VII,  330,  237 

Value  of VII, 313;  X,    60 

"         Value  ol  Rale*  Belitinjftp IX,  293 

Various  Persons VII,  319,  417-129 

"  Vastnessof II,  380 

Verifying IX,    39 

Writing—  Before  Arrival  ol  Goods IX,    54 

Up VII,  381;  IX,  433 

Accumulator I,  256 

Accuracy,  Necessity  of— in  Accounting IX,  297-306 

"  "        "  Disbursement  Accounts VII,    It 

Achilles XI,    80 

Acids,  Use  of— by  Railways VII,  312 

Action.  Harmon  ion.-;  -a  Necessity  of  Corporate  Life VI,    18 

"  "  —Between  Capita]  and  Labor .II,    30 

Additions,  Cluujririg  to  '  on-lruotlon VII,  455 

Adjuster,  Deflector  Pish — Rluatratto*,  Plata  J. 1, 58-4S9 

Adjusters,  Slack— Automatic.      1,361,  362 

Adjustment  of  Brakes— Instructions  to  Car  Inspectors I,  332 

"  "        "  ''  "   Eiiglneliousb  Fore- 

men and  Inspectors 

I,  329 

Administrative  Department II,  130 

Talent  of  Builders I,  128 

Admission  Ports,  Low-Prcssnro  i  vlinder I,    95 
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Africa— Its    Primitive    Associations   and    Means   of   Car- 

riage XI,  219-230 

"      Primitive  Carriage  in— Illustrations XI,  219-230 

Agencies,  Car  Service IV,    58 

Collecting— for  Freight  Charges IX,  71-74 

Express— Classification  of V,  641 

New— Opening IX,  261 

Transferring IX,  286 

Agent,  Claim 11,224,234,236;  VI,  287 

u      Division  Freight II,  139 

u      Foreign 11,139 

u      General  Baggage II,  139 

u       Freight 11,138 

u  —Correspondence  of 11,244,246 

«     _  Dutiesof 11,241-249 

444444     —Knowledge  of..... 11,246,247 

44       Passenger II,  139,249-259 

44  *  tt       —Characteristics  of II,  256,  257 

44       Ticket. II,  139,249.  259 

44  u  —Characteristics  of 11,254 

"      Goods— English II,  208 

44      Local  Freight II,  139 

44         u      Passenger II,  139 

44      —Meaning  of  Title II,  142 

44      Purchasing. II,  138 

44  tt  and  Sales ...  II,  260-271 

44  —Character  of II,  261, 262,  268 

44  a  —Opportunities  of II,  263 

44  u  —Selection  of II,  266 

44      Station II,    68 

44      Titleof VII,  250 

44      Traveling  Freight II,  139 

44  u         Passenger. II,  139 

Agents,  Accounts  of— Auditing V,  84, 85;  IX,  307 

44  u— Principles  Governing IX,  35-64 

Advances  on  Freight  by IX,    87 

Age  of IX,  30,    31 

44        and  Conductors,  Fiscal  Duties  of IX,  293-434 

44       Appointment  of IX,  25-28 

Authority  Over II,  199 

44       Baggage— Accounts  of,  Rules  Governing V,  506-514 

44  *      — Miscellaneous  Instructions  to V,  443-445 

44  M       —Responsibility  of V,  433 

— Returns  of V,434,  436 

Cash  Transactions  of IX.304,  305 

Claim V,  319 

44        Commercial V,  474 

44       Difference  Between  Efficient  and  Poor V,  114 

44       Disbursements  Made  by IX,  358-361 

DraftsDrawn  by IX,358-361 
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3,  Duties  of— in  Procuring;  Bimlnefw. V,  114-115 

Fiscal  Duties  of .  - IX.  807-04 

Foreign— Apportionment  of  Cowl  of VI  I,  503 

Forwarding VI,  109 

u  —  Instructions  to V[,  138 

General  Baggage—  A  -socintioii  of V,  488,  491 

"         Claim— Relief  Vouchers  Made  by IX,  373 

Instructions  to V,  IfiiMTfi;  VI,  313 

"        PasMturer V,  SO.    81 

Ticket V.79,    80 

Information  Afforded  by VI,  106,  316 

Intermediate — lr«iruelinns  to VI,  IBS 

Irresponsible  —  Employment  of II,  110 

Junction—  Instructions  to VI,  183 

Leaving  Service.  II  ■■suti-nj;  V>*w*  »'..  .    .     VII,  MM,  405 

Liability  of— rnr Tickets V.J29,  135 

Money  Collected  bv— Account  Various  Perrons  .... 

VII,  421,  423 

Deposited  with IX,  311 

News V,  419 

Orders  of— for  Money V,  140-150 

-      "    Tickets V.146-160 

Pay  Checks  fashed  by X,  248-260 

PiLvmeur.  <>f  Hill-  i-.       It.-f A.i  hi    .      ...    VII.  ill,  442 

' 1'imi- Tickets  by V]  I,  400— JUS 

Payments  Mads,  by IX,  328,  327 

Purchasing — lictii'f  Voiiclirrs  Marie  by IX,  371 

— Hiiqi.ireiwentaof VII,    40 
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Agents,  Station— Duties  of IX,    75 

a  u       —Express,  Telegraph,  Insurance  and  Other 

Moneys  Collected  by IX,  142,  143 

M  u       —Fiscal  Affairs  of IX,  219-249 

u  tt       —Frauds  by IX,  245-249 

44  tt       —Incompetent IX,  220, 221, 252,  253 

**    -        u       — Indemnifying  for  Uncollectible  Charges. . . 

IX,  132,  133 

tt       —Inefficient IX,  220, 253,  289 

tt       —Installing IX,  250-261 

44  **       —Joint IX,  234-236 

44  u       —Overcharges  Collected  by IX,  366 

44  tt       —Payment  of  Bills  by X,98,    99 

44  u  Vouchers  by  .VII,  438 ;  IX ,  374-378 

44       —Qualities  of IX,  75,    76 

tt  tt       — Relieving  of  Amounts  Charged  to 

IX,  129-131,  369-374 

44  u       —Remittances  of IX,  135, 179-181,  291 

44  u       —Removal  of,  by  Traveling  Auditors IX,  288 

44       -Responsibility  of VI,  107;  IX,  347-349 

44  u       —Returns  of IX,  45;  X,    67 

44  a       —Their  Check  Upon  Each  Other IX,    62 

44  w  "     Influence  on  Patrons IX,    76 

44  u       —Transferring  Accounts  of.. IX, 250-261,411,  412 

44        Supervision  Over IX,    32 

Ticket— Defaulting IX,  216 

44  u     — Fraudulent  Collusion  with  Conductors 

IX,  214-216 

Train V,    17 

Transfer— Traffic  Returns  of IX,  63,    66 

Vouchers  Paid  by X,  278 

44        Working  Funds  of IX,  329, 332-334 

Agitators II,    18 

Agrarianism XI,    44 

Agreements Ill,    80 

44  Authentication  of II,  182 

44  Drawing II,  137,  232 

Making 1 II,  425 

Agricultural  Implements,  Advances  on IX,    89 

Ahead  of  Time— Meaning  of  Term IV,  316 

Air,  Application  of — at  Atmospheric  Pressure I,  292 

44     Brake 1,110,204;  IV,  114,  115 

44       **        Apparatus I,  315 

44       M       Application  of— in  Service— Instructions  to  En- 

ginemen 1,817,  818 

44       tt       Construction  and  Operation  of I,  291 

44        Coupling,  Extra , I,  321 

44       u       Explanation  of  a  Popular  Form  of  Automatic  .  .1,  538 

Failures,  Cause  of 1, 375,  376 

Hose , I,  321 
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*  Heii\iauma,ArcaOTe<J—IIIniitmiwn,PUiie  II.  1,118-117 
"  *  OOHpUng— ItlWtHI tt«*%  FlatcII 

I,  118-117,  309 

Extra 1,321 

"                  "           —  If  i-le:!;*1  or  Charging  Position — Illus- 
tration  I,  337 

"  "  —Set  Position— Illustration I,  a38 

■*       Number  of  Men  ltequired  to  Manufacture I,  133 

*  Straight I,  305 

—Tin;  I'iist  l-oriii  Successfully  Used I,  306 

-    perfected 1,333-363 

Braked  Cars,  Ehixl   Brakes  on— Instructions   to  Train- 
men  I,  374 

Setting  Out 1,  374 

Brakes,  Automatic 1,300,334-336 

for  Motor  Cars I,  485 

I nt rodm*l ion  of I,  294 

Jerking  with I,  368 

Kinds  of I,  334 

'•Straight" 1,334,  33S 

Testing I,  269 

Use  of IV,  416,  423 

Carburet  I'd— Use  of,  for  Lighting  Cars IV,  175 

CockB  — Instructions  to  Trainmen I,  373 

Compressed 1,110, 344,  262,  269,  274, 305,307,  334 
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Air  Pipe  from  Main  Reservoir  to  Engineer's  Valve— Illus- 

tration I,  539 

44    PipeMor  Testing  Purposes I,  382 

14       u       in  Engine  House 1,328 

44     Piston 1,352,  363 

44    Pressure I,  302 

44  *        Q*uge— Illustration I,  539 

44  u        Governor— Illustration,  Plate  II 1, 116-1 17 

Maintaining I,  320 

44       Train  Line,  Standard I.  312 

44    Pump I,  292,  808,  815,  820,  884,  836,  485,  also  Vol.  XII 

u      —Illustration I,  589,  also  Vol.  Xll 

44        u      Exhaust  Pipe— Illustration,  Plate  I. if 68-69 

u       "     —Instructions  to  Englnehouse  Foremen  and  In- 

specters.. I,  328 

44       u      Testing 1,328 

44        **      Throttle— Illustration,  Plate  I I,  58-69 

44       tt      Westinghouse I,  638 

44    Pumps 1,384 

tt        Locationof 1,381 

44        **        Lubricator— Illustration,  Plate  I. 1, 68-59 

44       *        Steam  Unionsof I,  381 

44    —Quantity  Conveyed  to  Fire  Box I,    70 

44    Reservoir I,  292 

44    Resistance  of IV,  97,  98 

44     Signal I,  321;  IV,  260 

*      Care  of 1,382 

14      Couplings .1,  375 

44         **       Hose— Illustration,  Plate  I. 1, 68-59 

44         tt  u    Extra 1,328 

44         **      — Instructions  to  Engineers I,  366 

44         "      Train 1,317,322,330 

—Operations  of I,  362 

Signaling  Apparatus,  Train— Illustrations I,  386,  386 

Storage  Reservoir I,  244,  262 

44     Strainer-i^ratfon*,  j  £££  £/ / ; \\\\\\r\\ ^{i&g 

44     Superheated 1,104 

44    Tank— Illustration,  Plate  II 1, 116-117 

44        *     Drip  Cock  in— Illustration,  Plate  II. I,  116-117 

44     Valves        •••  I     95 

44  Vent  from  Water  Tank— ' Illustration,  Pla\e  ti.\\\l\  116-117 

44     Whistle IV,  115 

Akron,  Bedford  &  Cleveland  Railway — Use  of  Electricity  on 

1,489,  490 

Alabama,  Railway  Taxation  in. Ill,  451 

Alcinous XI,  162 

Alexander  the  Great  X,  48 ;  XI,  105,  124 

Alexandria. I*    17 


u 


22  GENERAL  INDEX. 

Algeria— Its  Primitive  Associations  and  Means  of  Carriage... 

XI,  231-236 

"  Primitive  I'arriacc  hi— Ilium  ml  iona XI.  231-236 

Alignment in,  301 

Effect  of— on  Cost  of  Operation Ill,  393 

*        Imperfect,..,. Ill,  430 

Improving II,  221 

Allen,  Horatio I,    SB 

Alphabet XI,  118,  119 

Alternating  Current I,  407,  408, 421-126 

ftod  Dl rect Current I,  426 

14        — [>invt  Current  Svstecn 

1, 4.10.  440,  451 ,  487,  488 

"  "         Generation  ami  Trail -mi-sirui  of I,  487 

C-enerar„r  ffir.O  Kilowatt),  Two-Phase— 

Ilfiislrtition I,  600 

"  "        Generators 1, 410. 419,  452 

"  "  linhiilioii  Motor,  I  omplete — Illustra- 
tion   I,  444 

"  "        HodffluatlOM I,  486 

Motor,  Evolution  of  the I,  445 

"  "        Motors 1, 41 2,  4-2C.441,  442 

System 1,480,  441-449,  463,413,488,  488 

"  "  System,  Sup|ilvini;  Polyphase  Current 
by  Two  Trolleys  anil  lfail  Return 
to  Alternating  Current  Jlolora  on 
the  Care— IlUtafration I,  441 
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America,  Construction  of  Tunnels  in Ill,  188,  189 

Cost  of  Operating  in Ill,  146 

u         Decorations  of  Passenger  Cars  in I,  147 

u         Distances  Traversed  in I,  189 

u         Dutiesof  Traiumenin IV,    17 

44         Early  Railways  in Ill,  115-117 

44         Efficiency  of  Handling  Passengers  in 1, 287,  288 

14         Financial  Conditions  in I,    60 

44         First  Four-Wheeled  Bogie  in I,    50 

44     Headlightln I,    57 

44  tt    Rail  Rolled  in— Baltimore  &  Ohio  Railroad— 

Illustration HI,  233 

44         Form  of  Cylinders  in  General  Use  in I,    88 

Freight  Carload  in I,  205 

Traffic  in VI,  9,    10 

44         High-Class  Passenger  Cars  in 1, 181,  182 

44         Improvident  Use  of  Freight  Cars  in VI,  55,    66 

44         Inauguration  of  Railway  Operations  in I,    28 

44         Kinds  of  Tickets  Used  in V,  88-111 

44         Loads  Hauled  bv  Engines  in I,  206 

44 America"  Locomotive,  1829 1,    28 

America,  Locomotives  in I,  111 

LowRatesin 111,146 

44        Passenger  Accommodations  in ...  V,  31,    32 

44         Popularity  of  Parlor  Car  in I,  195 

44        Practice  of  Locomotive  Builders  lu I,    64 

Railway  Operations  in I,  152 

Taxation  in Ill,  435-463 

44  u         Travelin 1,202 

44         Rivalry  Among  Travelers  in I,  202 

44         Scareitv  of  Money  in I,    60 

44         Speed  of  Freight  Trains  in I,    31 

44         Use  of  Brakes  in I,  314 

44  a     "  CrudeOilin I,    64 

44     tt  Headlightsin I,    57 

Private  Cars  in VI,  69,  70,  73,    74 

44     tttheBogiein I,    50 

American  Accounting  Company IX,  86,    97 

44  Apartment  Car— Illustration I,  227 

Association  of  Railway  Superintendents IV,    28 

44          Bogie  (or  Pony)  Truck,  Side  View  of—  Illustra- 
tion   I,    66 

44  Buffet  Smoking  Car,  Interior  of—  Tllusiraiion I,  212 

14  Car,  Smoking  Compartment  in — Illustration I,  213 

•  Coach I,  203 

44  u      —How  Looked  Upon  by  English  People.  .1,  184 

14  Designers  and  Mechanics I,  139 

Dining  Car— Illustration I,  219 

Drawing  Room  or  Parlor  Car I,  200 

Flat  Cars,  Standard— Illustration I,  163 

98  vol  19 
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Four-Wheeled  Saddle  Tank  Engine— /Hub  Ira  Hon.  I,  106 

Gondola  Oar.  Standard— Itlmgtraltan  i,  i«o 

Ilor.ie  ('ar— Illustration Ip  HMJ 

Institute  of  Electrical  Engineers I,  391 

Locomotive I,  1B0 

Standard— Illustration,  Plate  I... 1, 68-69 
Superior  ijunlitieaof  ..     -.1,44,151,  162 

Logging  Track— Illustration I,  154 

Manufacturers I,  162 

of    Electrical  Apparatus  Relating 

to  Carriage I,  139 

Master  Car  Buildi'rs'  Assiiiiution I,  2t9 

Observation  Car-— Illustration I,  3J8 

Palace  <.'ar,  Ajiai  tments  In  —  Illustration I,  233 

"    for  Dav  and  Night  Use— Illustration.!,  234 

Parlor  Car—  Illustration I,  219 

Passenger   am)  Sleeping  Cur,  Staxnlani— Illustra- 
tion, Plate,  II. 1.116-117 

Plate  Girder  Overhead  Briilj^e —  Uluittrationa 

Ill,  379.  381 

Postal  Car,  Interior  or—  Illustration ....1,208 

Railwav  Accounting  miners.  Association  of 

V.C5U;  V11,:Mn,  4.=>s.  |.i:,,-li;7,  533 

Association 
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American  Standard  Freight  Car— End  Elevation  and  Section 

Through  Journal  Box  of 
Truck— Illustration  ....  I,  178 
u                 u         «    pian  of  Truck  of_ illustra- 
tion  I,  180 

*  u  u  —Side Elevation  and  Section 

at    Center    Bearings   of 
Truck— Illustration I,  177 

44  u  u         u  Truck  —  Section    Showing 

Body  and  Truck  Bolsters 
—Illustration I,  179 

44  u         Gauge I,  402 

44  tt  Passenger  Coach— Illustration I,  216 

44  tt  Postal  Car— Illustration I,  205 

u  u  Rail  way  Passenger  Car— Illus  tration..  I,  215 

44  "  Sleeping  and  High-Class  Passenger  Car 

— Illustration I,  223 

44  tt  Stock  C&t— Illustration I,  192 

44  u  Suburban  Milk  Car— Illustration I,  209 

Steel  Flat  Car— Illustration I,  153 

u      *  —view  of  Under  Side— Illustration 

I,  154 

44  Vestibule  Car—  Illustration I,  221 

Americans,  Habits  of— on  Trains I,  176 

Ammeter I,  461 

Ampere,  Definition  of 1,  401 

Amyntas XI,  105 

Anchor  Iron,  Truss  Rod— Illustration,  Plate  II 1, 116-117 

Ancient  Devices  of  Business VII,  229-231 

44       Primitive  Associations  and  Means  of  Carriage^ 1, 489-509 

44         Carriage—  Illustrations XI,  489-609 

tt        Wheel— Illustration IV,  191 

Ancients,  Horses  of XI,    86 

Ideas  of— Regarding  Light IV,  169 

The ?... XI,  154 

44         Writings  of— Reference  to  Use  of  Air  Brake  in. .  .1,  293 

Angle  Cock I,  326,  372,  373, 375,  377 

^        u    —Illustrations,  Plate  II 1, 116-117,  320, 321,  372 

tt      Train  Pipe— Illustration,  Plate  III 1, 170-171 

Cocks,  for  Closing  Train  Pipe— Illustrations I,  640,  541 

Drip  Valve—  Illustration,  Plate  II 1, 116-117 

Fitting— Illustration,  Plate  II 1, 116-117 

Plates 111,336-340 

Splice  Bar,  A.  D.  1875— Illustration Ill,  293 

a         tt      A.  D.  1879— Illustration Ill,  296 

tt      A.  D.  1880— Illustration 111,298 

44         tt      A.  D.  1885— Illustration 111,303 

«      Valve— Illustration,  Plate  II 1,  116-117 

Animal  Power,  Use  of I,  394 

Animals,  Transportation  of  Portable  Railroads  by I,  223 
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Animals.  Valuable— '.'arrlajce  of V,  619 

Annealing  r'nrnuce.  . I.  SS6 

Pit IV.  2U4 

Annuities II.    60 

Apartment  Car,  AiNi-rii-aii-Khwd-affon I,  237 

i.irs.  American— Capacity  of. 1,  199 

"  tn  a  P:il:u-e  Oar-    Maturation I,  223 

ApiirtiiHriiis  in  mi  AnifrKan  Palace  Car—  Illustration I,  233 

Apparatus.  Air  Brake 1,  315 

"  "     Si^aiing I,  363 

"  AiiK.m.m,-  Electric  Block  System IV.  280 

"  Brake— Inspection  of .1,  330 

"  Elect! leal— I tevelopment  of 1, 621,  632 

—  KitttravingB  of I,  391 

-Limitations  of. . . .  .■ I,  437-430 

— Manufacturers  of  . I,  139 

"  "         —Upon  What  Baaed I,  623 

Signal  1,376 

Totejrrsplitu I,  401 

Train  Air  Signal  injr—  Illustration* I,  385,  386 

Apiiinn  Wnv     VII.  217 

Appliances,  far V.  87-39 

l.i.lri:,.      ,i(  ItailwaTS VII.213 

"  for  tliei'.iri':i--l  .Maintenance  of  Itolllng  Stock  1,  238 

HeatttiK— °1  Shops 1.  361 

-.in   1V.H7.6",    70 
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Apportionment  of  Cars  to  the  Different  Classes  of  Travel  .VII,  203 

44  Operating  Expenses  to  Divisions.  .VII,  500,  524 

Apprentices I,  264 

Apron,  Bunk— Illustration,  Plate  II. 1, 116-117 

44       Roof— Illustration,  Plate  II 1, 116-117 

Arabia — Its  Primitive  Associations  and  Means  of  Carriage. . 

2£j   273-282 
44     —Primitive  Carriage  in— Illustrations  '.''".'. '.".Xl!  273-282 

Arbitrary  Power II,  73,  126 

44  "     Love  of II,  110 

Arbitration,  Boards  of VI,    21 

Committee,  English VI,  333 

Arbitrators Ill,    98 

Arcadia XI,    90 

Arch  Bar— Illustration,  Plate  III 1, 170-171 

u        tt  Center  Bearing— Illustration,  Plate  II 1. 116-117 

44        u  tt        Body— Illustration,  Plate  II.  X 116-117 

u        "  Inverted— Illustra Hon,  Plate  III 1, 170-171 

44      Brace — Illustration,  Plate  I. I,  58-59 

Brick — Illustration I,    98 

Hand  Hail— Illustration,  Plate  I I,  58-59 

Support  Pipes,  Plugs  at — Illustration I,    64 

Water  Pipe— Illustration I,    98 

Archaeological  Documents,  Authors  of XI,    28 

Arcing I,  485 

Arc  Lighting I,  414 

Argonauts XI,  100 

Arm  Brake  Hanger— Illustra  Hon,  Plate  III. 1, 170-171 

44     Rest— Illustration,  Plate  II 1, 116-117 

44     Rocker I,  90,    94 

Arras,  Manufacture  of 1,  131 

44      Striker— Illustration,  Plate  II 1, 116-117 

u      Use  of— for  Signals IV,  264 

Armature I,  400, 401, 405-408,  410,  411,  426,  435, 456-458 

44         Access  to 1,471 

Coils 1, 472,  473 

44  tt     for  Railway  Motor— Illustration I,  411 

44  Complete—  Illustration I,  414 

44         Core,  1.500  Kilowatt  Generator— Illustration.. .  .1,  393 
44          Disc — Showing  Slot*,  Diagram  of  Commutator  and 
One  Coil  in  Place  Connected  to  the  Commu- 
tator— Illustration I,  414 

44  Mounting  the I,  47 1 

44  of  Engine  Type  Railway  Generator.  Showing 
Winding  Connected  to  Commutator— Illus- 
tration  I,  458 

44  u  Railway  Motor—  Illustration I,  413 

44  Railway  Generator — Winding  a — Illustration...!,  404 

44  Rotarv*  Transformer,  400  Kilowatt — Illustra- 

tion , , , , I,  425 
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Armature,  Surface-Wound I,  473 

Toothed I,  473 

Weight  or I,  469 

Wires I,  410 

*  with  Coils  In  Place— Illustration I,  413 

Armies,  of  Corporations IX,    13 

Armenia.— Its  I'nniiiivi:  Associations  and  Means  of  Car- 
riage  XI,  316-327 

Primitive  '  'arrive  in— IU»«t  rations XI,  316-317 

Armored  Air  Uraku  Hose— nhr«i mtion,  Piute  II I,  116-117 

Signal  HBt»~IttM*trBHon,  Plate  II I,  110-117 

Army  Life.  Discipline  of II,    18 

"      The  Hail  way .II,    13 

— Actionof II,    13 

"  "        —Freedom  Id II,    13 

"        —Obedience  In II,    18 

— Organization  of II,    13 

—Purpose  of II,    13 

EJnlted  States 11,120,  121 

■*  "        — Purchase  and  Care  of  Material  In..  II,  270 

Articles.  Damaged  — Provision  fur  Storing I,  272 

"        Manufactured  by  a  Company,  Charging...  VII,  321-324 

"Articles  J1;iiiii[:i.!iliv,I  1,v  tlie  Company".. VII,  324 

Articles,  Number  of— Fueil  1/V  Kailwitys VII,  207-216 

of  Common  Use,  C«m  of VII,  292 

"        Old— If et urn  of VII,  269-262 

"        — liaitwin  s  Manufacture VII,  128,  129 

Artificial  Limbs.  ■ ' II,  232 
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Asia I.  217 

*     Central XI,    64 

u      — Useof  Portable  Railroads  in 1,223 

Asphaltum,  Use  of— by  Railways VII,  213 

Aspirations  of  Railway  Employes II,    63 

Ass,  Ancient  Use  of— as  a  Carrier XI,  109 

Assets,  Custody  of II,  186 

.  *       Description  of X,  183 

44      —What  They  Consist  of X,    62 

Asshurbanipal XI,  103 

Assistance  Funds,  Italian X,  349,  360 

Assistant  General  Superintendent,  Scope  of II,  174,  176 

Association,  American  Railway 

IV,  76, 276, 327, 841, 498, 499 ;  VI,    66 

14  Car  Accountants' VI,    67 

General  Ticket  Agents' V,    79 

Master  Mechanics' I,    64 

44  of  American  Railway  Accounting  Officers,  II,  278; 

V,  13, 560 ;  VI,  92, 125 ;  VII,  348,458, 465, 467,  535 

u  *  General  Baggage  Agents V,  488,  491 

u  Southern  Railway  and  Steamship— Demurrage 

Rules  of VI,  337,  338 

Associations,  Advocates  of I,  225,  226 

tt  Artificial— of  Labor II,    36 

Benefits  of I,  229 

Car  Service VI,  67,    68 

for  Inspecting  and  Weighing  Goods VI,    24 

Growth  of — Among  Railway  Employes II,    59 

Labor II,  32, 33, 36,  69,    60 

of  Officers  and  Employes I,  226 

Protective II,    95 

Railway II,  108 

Assyrian  Chariot  Wheel,  600  B.  C.—IUust ration IV,  190 

Assyrians,  Wheels  of IV,  193,  194 

Astigmatism IV,  225 

Atchison,  Topeka  &  Santa  Fe  Railroad Ill,  361 

Atkinson,  Edward Ill,    35 

"Atlantic  Type"  Locomotive,  Baldwin— Must  ration I,  143 

"Atlas"  Locomotive,  1834 1,    31 

Atmosphere,  Resistance  of IV,  97,    98 

Atmospheric  Engines Ill,  120 

44  Pressure,  Application  of  Air  at I.  292 

Atomizer I,  104 

Attendants,  Expenses  for • II,  232 

Attorney II,  138 

Attorneys,  Staff  of . . .  II ,  22C 

Audible  Signals  IV,  272,  273 

Audit  Office,  Goods  and  Mineral— Euglish VI,  329-331 

Auditor 11,139,  285 

English 11,274,  275 


u 


u 
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f,  Freight II,  130;  X,  *G7 

—Duties  of VI,  103 

— Meaning  of  the  Term II,  201 

of  Disbursement* nt  139 

"  Passenger  Accounts V,      v 

"  the  Treasury II,  293 

Publlc—i English II,  275 

Ticket II,  130;  V,81;  X,    07 

"     —Duties  of II,  258 

rs,  CtSlgbl     Bellel  V<WBUa«l  Made  bv IX,  371.  372 

OeiieralTraveliiij;— Duties  of IX.  276,  277 

Railway— English X.23.    24 

Ticket— Relief  Vouchers  Maile  by IX.  372 

Traveling IX.  271-292 

"  —Authority  of VI,  316 

—Communications  of IX.  222.  223 

— Co-operatiou  of IX.  240.  241.  247 

— Dutieaor VII.  433;  IX,  37, 

42,  43.  54.  5(1.  57,  61.  62,  68,  77.  86.  flO 
93.  <19,  116,  12(>-1  S3,  125,  127,  133,  136, 
143,144,141;,  117.  lili!.] '.3,  160,108,  173. 
ISli,  190.191,  Hi.i.  107.  200-204,311,224, 
225,  230-240,  246,  251,  253-201,  271-292,  432 

— -Examinations  of IX,  284-28G 

— Influence  of IX.  223,  224 

— Qualillcutions  of IX,  147,  148 
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Austrian  Box  Car  for  Transportation  of  Glass— IUus tration 

I,  186 

u         Car— Illustration I,  155 

44           M  for  Creosoting  or  Impregnating  Wood— Illus- 
tration  I,  197 

tt    tt    Liquids— Illustration I,  165 

44         Compartment  Sleeping  Car — Illustration I,  226 

44         Excess  Baggage  Way  Bills V,  493 

44         Goods  Cat— Illustration I,  184 

44         Horse  Car— Illustration I,  195 

u         Imperial  Saloon  Car— Illustration I,  220 

44  *        Train  Engine,  Tender  of—  Illustration.  .1,  118 

44         Locomotive— Illustration 1, 117, 135,  137 

44         Postal  Car— Illustration I,  207 

44  u       u       luterior  View  of— Illustration I,  208 

Austro-Hungary,  Heating  Cars  in V,  234,  235 

Author — An  Executive  Railway  Officer II,     v 

44      Early  Railway  Experience  of  the IV,  436 

44      Fir  at  Books  of  the V,    iv 

rt      Writings  of  the VII,  15-17 

Author's  Previous  Books,  Shortcomings  of II,    vi 

Authors,  Railway  Men  as II,  vii 

Authority,  Concentration  of I,  284 

44         Concurrent II,  126 

Division  of II,  1 13,  294 

44         Exercise  of II,  193 

Autocracy  In  Corporate  Government II,  132,  148 

Autocratic  Government II,  124, 134 ;  XI,    43 

Automatic  Air  Brake,  Explanation  of  a  Popular  Form  of.  .1,  538 

44    Brakes 1,300,334-336 

44  u    Sanding  Appliances I,  313 

Bellringer I,    58 

44  Block  Signals— Illustrations IV,  602-604 

44       System IV,  276-290 

44         Brake  Freight  Car  Equipment— Illustration I,  541 

44  u     Locomotive  Equipment— Illustration  . .  .1,  639 

**  u     PassengerCar  Equipment— lltea* ration.. I,  540 

44  tt     Plain I,  325 

44  u     System I,  336 

14         Brakes 1,308,309;  1V,15,114,  115 

44  u       Application  of — to  Long  Trains  of  Cars 

1,309,  310 

44         Coupler I,  204;  IV,  15,117-120 

u  tt       —Illustrations 1, 60,  176 

•»  **       Air  Brake I  308 

Electric  Block  Signal's— Yliwirations .'tv'9  280,  282-286 

*     System IV,279-301 

Feeds I,  259 

44         Governor I,  485 

44         Graduated  Relief  Valve 1, 312,  313 
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Automatic  Regulator IV,  184 

"         Roller  Valve I,  310 

Safety  .switch  Staml — niuafroiton    m,  338 

Signals IV,    15 

Slack  Adjusters. I, Ml.  363 

"         Switches..    IV,    16 

Triplo  Valve.  Pl&io—  miration t  325 

"*  Vacuum  Brake I,  282 

Whistles 1. 112 

Auxiliary  Corny n's? ion  Ileum  Brute  —  Illustration,  Plate  II 

1,116-117 

ReBervoir 1,  306-3U.?.  ,>il. :iJ5.  ;>.C>.  ,1.1;.  Jnu-361 

"                 "              Ii1»*irniinn*  i  pla,e  "•  I.H6-117,  510,  541 
—luwttranone,  (  p[atg  m \  170-171 

*  "  Baud— 111"*!  ration,  Piute.  II I,  H6-117 

"  "  Beams-Illustration,  Plate  11 1, 116-117 

Churning I,  371 

"  "         for  Driver  Brakes— niustrat  ion I,  638 

"  "        Pressure,  Reduction  of 1,  368 

"  "  Ratio  of — to  Brake  Cylinder— Illuatra- 

tions I,  357-350 

Belewje  V»1t«— lUwtratton,  Plate  III, 

1,170-171 

"  Reservoirs,  Draining 1,  333 

"  "  Exliau-ti  rifr  Pressure  from I,  377 

RedWrrfng I,  317 

r-RediH'tious— Instruct  kiu>  to  Engineers I,  368 


^feMMr*.. 


GENERAL  INDEX.  88 

PAG1 

Axles,  Facilities  for  Storing I,  209 

*      Handling...   I,  275 

44      Inspection  of 1,278 

44      of  Car  Trucks I,  468 

44      u  Motor  Car  Trucks I,  468 


Babbit  Metal.    (See  also  "Brasses") 

44  u      Care  of VII,  134-138 

44  u      Inspection  of VII,  134-138 

44      Lossof VII,  137 

44      Use  of. VII,  134-138 

44    u —by  Railways VII,  209 

Babylon XI,  125,  129 

Babylonia,  Ancient XI,    99 

Babylonians,  The XI,  126, 127, 130-132 

Back  Band— Illustration,  Plate  II 1, 116-117 

44     Cylinder  Head— Illustration,  Plate  I I,  58-59 

44     Gravity  Bar— Illust ration,  Plate  II 1, 116-117 

44     of  Seat— Illustration,  Plate  II 1, 116-117 

44     Up  Eccentric— Illustration,  Plate  I. I,  58-59 

44       u  tt  Connection— Illustration,  Plate  I. . . .  I,  58-69 

44       tt  tt         Rod— Illustration,  Plate  I. I,  68-59 

*       u  tt         Strap— Illustration,  Plate  I. 1, 58-69 

Jaffle-Plate I,    54 

Bagdad,  Means  of  Conveyance  in XI,  163 

Baggage IJi  259;  V,  276-614 

Access  to V,  329,330,  433 

Accidents  to V,  327,  328 

"         Accounts,  Auditing— by  Traveling  Auditors. .  .IX,  286 

44         Advances  on IX,    88 

44        Agents,  Accounts  of — Rules  Governing V,  506-514 

44  *       Miscellaneous  Instructions  to V,  443-445 

44         and  Buffet  Smoking  Car,  American    Standard — 

Illustration I,  211 

44            u    Compartment  Passenger  Car,  Victoria — Illus- 
tration  I,  210 

44        Anxiety  of  Passengers  Concerning  Their V,  41  £-417 

Articles  Constituting V,  283,  284 

Bad  Order V,  335,  336,  444 

Billing V,  347-352 

44  **     — European  Methods 

V,  56-58,  369-376,  492,  493 

44  u      Through— in  Europe V,386,  387 

Blanks V,  409 

Bulky V,  324 

44         Business,  Beginnings  of XI,  151 

Cost  of  Doing V,  353 

Car,  American  Standard— Illustration I,  209 
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BnKKaRe    Car  ami    Electric  Lighting  Plant,  Austrian  Im- 
perial Train— II Ituttration .  . .   I.  all 

"  "     Die -ami  r-  Associations .   V,.l9n-4fi3 

Cars 1,  1SJ.  198 

"         Care  of 7,SM-ga 

Caring  for V,    62 

*  Carriage  ot—li«  fireat  If  ri  tain I,  171 

*  Changing  Pectination  of V,  409 

Checking V,  53.  436-4.19.  484 

— American  System  of    V.  377-383 

"  "  — ImoNVfrilenee  of.  to  Paasenger?  V,  347-350 

"  "  —In  Drifted  si •,-,.» V.  63-56 

"  "  — S\steuiBof V.  63-68 

Oracle*.  - - V.  63-64 

c>ire  of V,4M-4M 

— Co«tof V,  378 

—  Bxi -Ituuge  of V,  333 

—Logt V,  3,10.331,440.  441 

I;  -  •--  Governing V,  603,  604 

—Metal V,  56. 57.    58 

*      —Merit*  of V,  375 

-     — Objections  to. . . .  V.  373-376. 377.  378 

Mismatching V,  331-333 

Itevervlhin V     56 

Shell V,  55,  56 

"    Strap V,  490 

..V.  380-883 
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Baggage,  Est  ray — Tracing  for V,  343-346 

B        Excess    (See  also  "Excess  Baggage.") .  .V,  371,  442,  443 

"  -        —Billing V,  478-493,  485 

— CbaTgeBfor V,  63,    63 

**  "         — Dev  ices  of  Passengers  to  Escape  Charges 

for  V,  460,  481 

*  »        _ ruflk-ijltyoHolleclingCbargesoo.V  4W.  459 
"  "         —  lor  warded  by   Freight  Trains— Rules 

Governing V,  601,  003 

—Forwarding V,  494-603 

"  "        —  Receiving V.  609,  503 

"  "        —id.  1,.  Governing V,  (94-605 

"  Extra— Charges  for IX,    63 

Facilities  for    V,3!i3,  334 

"         Forms.  Explanation  of V,  491-493 

Forwarding V,  62,  347-352 

Found V,  434 

Fraoks V,  460, 4H7,  495 

"        Free  Transportation  of V,  306 

Handling V.  59,  SO,  323-328 

"  "         —American  System  of    V,  357-360 

"  "        —in  Austria V,  385 

"  Jtalv V, 388,  888 

*  the lotted  Kingdom V,  384 

— Principles  Governing V.  367,  368 

"  "  —  Suggested  Change  lo  Method  of.  V,  298,  399 

Hypothecated V,  450-463 

IdeiittnValimi  of V,  441,  446 

"         Inspection  of V,  334-338 

luterllne—  Checking    V.56,  438 

"         Joint— SetMimi-ntB  for X ,  133,  134 

Legal  Detinltlon  of V,  380-383 

"        1-oading V,  436 

"        Local— Checking V,    64 

"        Lost V,  59, 60,  309,  310 

*  "    — Claims  for V.  337,  340 

••     — Ride h  Governing V,  439-440 

"  "    — Traclngfor V, 343-348 

Manipulation  of IX,    36 

"        Marking V,  63.  54,  439 

Meaning  or  tbnTerm V.227,  328 

Method  of  Charging  for  Carriage  of V.3W9,  300 

Methodaof  Handling      V, 61-60 

of  the  Poor V,  413 

"  "    "    Rich V,413 

Owners  of V,  4W-403 

Permit* V.  866.  467,  495 

"         Protectlnnof V.329,  330 

Provision  for V,  333,  324 

Punches V,  485 
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Eaggmge,  Quality  of— Carried  on  Local  Train* V,  411,  413 

B         i!  ...i.: ii  ■.  Carried  by  PaMSOgfoi V,  458 

*  ~  on  Train*  V.  409 

■if— RFftrii-ltuoain V.62,    63 

"  "  Train-norled  Wliiiout  K«tra  Charge 

V,  287-394 

Rates V,  396 

K»iTi|>t  of -by  'J'rniii  Itu  *;£•£•  wca V,  447-449 

Receipts  for V,  63, 66, 67.  388 

"         KpieivioE ..V,    53  I 

Re.be.kioj'Ln  Route V.3M,3'.2,  416-117 

Ktvnnls. V,  337-341 

i;     .*-■■■.  of- to  Express.  Hi.-  iium V,  304 

"         Responsibility  for  Otuouge  to.. V,    53 

"  -  [....sol V,    53 

of  Carriers  for V,  00,  61,  307- 

314,  336,  336 

Rertrii-tion  .if  Quantity  of V,  398 

Returns. V,  337  341.4.12.434.  435 

Revenue.  Collection  or V,  482-477 

tor  Handling V.  63-65 

Robbery  of V,  339 

Service V,  275-514 

"       —  Iwjtetatton  to  Ptuwnifer  Service.  ..V, 295-306 

"      Nee.). of. V,  63-69 

Shipment  of— In  l-:n*)a,nii V,  399,  300 
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Baggagemen,  American V,  379 

Duties  of V,  334 

Peculiarities  of V,  393, 394, 406,  407 

Responsibility  of V.  433 

tt  Station V,  388-391 

u      — Dutiesof V,498,  499 

44  Train V,  404-408 

44  *    —Delivery  of  Baggage  by V,  447-449 

44  u    —Receipt  of  Baggage  by V,  447-449 

44  u    — Returns  of V,  446,  447,  514 

44  *    —Rules  Governing V,  452, 453-499,  501 

44  tt    —Special  Directions  to \  V,  449,  450 

Bags,  Soot I,  170 

Bahrein  Islands XI.  120 

Bailey,  George V,    80 

Baker,  George  H IV,    41 

Baker  Heater— Illustration,  Plate  II 1, 116-117 

Balance  Plate — Illustration,  Plate  1 1, 58-59 

44        Sheets,  Agents',  VI, 313, 314;  IX.  262-270, 285, 291,404-407 
44  "  —Covering UpShortages in  . . . .IX,  140 

44  •*       Conductors' IX,  423 

44  tt       General    X,  28,  29, 61, 182-184 

44  u       Station— Making IX,145,  146 

«*  *»       Transfer IX   257 

44        Spring,  Centor-Brake^/IlM^^on/Ptote  //.".  .1, 116-1 17 

44  tt        Lower— Illustration,  Plate  II 1, 116-117 

*  *        Upper— Illustration,  Plate  II 1, 116-117 

44  *        Rod— Illustration,  Plate  II 1, 116-117 

44  tt  "      Center  Brake— Illustration,  Plate  II. . 

1,116-117 

Balanced  Valve — Illustration,  Plate  1 1, 58-59 

Balances,  Interline  Freight— Settling X,  114,  115 

—Settling IX,358-361 

Ticket X,  133 

44  *         Traffic IX,  367 

Balancing  Accounts IX,  407-411 

Baldwin  Locomotive,  "Atlantic  Type"— Illustration I,  143 

"Pioneer,"  1836— Illustration I,    39 

44  Works 1,32,49,    50 

44         Locomotives— Illustration I,  145 

44         Matthias  W.— First  Locomotive  Built  by— Illustra- 
tion   I,    50 

44        Single-Driver  Passenger  Locomotive—  Illustrat ion,  I  142 

Ballast Ill,  221,  222, 252, 253,  328 

Cinder Ill,  221 

44        Description  of— on  Various  Railways Ill,  183,  184 

44        Devices  for  Unloading — Illustration 1, 151 

Effect  of— on  Rails Ill,  328 

«       u       u  rpjgg 111,280-282 

Gravel Ill,  221 


38  GENERAL  INDEX. 

liaiU'i.Oravel— Cbkaeo  4  Xoriu-Western  Railway— Iltw- 

tmhon Ill,  353 

"        Influence  of— on  Cum  of  Maintenance It],  383 

Manner  of  A]>|.]viog  II],  183 

Materials  UbcU  lor 111,183-184 

Ul.jci:lof Ill,  1»3,  280 

Sand Ill,  373 

Slag .111,  221 

Stono Ill,  221 

Trains IV,  374 

1  uloailcre,  Strain 1 1 1 ,  258 

Vmot VI',  219 

Value ot  Different  Kinds  of. VII,  220 

"  Hal  lasting" VII,  467 

Ballotting,  Imperfect Ill,  430 

Rail  Signals IV.  252,  354 

ilu.lhiiurv  .V  Ohio  Railroad   1,404.111.  148 

"      "  reuglon  Fun.lof X,  321-323 

I:    l  ■  I  I  ■■■      ■   i-  .  i.1  of 

X, 296,298,307-308 

"         "      "  "  Reward  Offered  by I,    32 

"  "  Savings  Fond  of X,  313 

Tunnel— 1'seof  Electricity  in.. . 

I,  «*,  496-198 

Chronicle I,  190,  195 


uid.  Auxiliary  Beservotr— lUuatralion,  l'hilell I,1H;-117 
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"Bar"  Frame I,    63 

Bar,Guide I,    87 

44    Inverted  Arch— Center  Bearing— Illustration,  Plate  II 

1,116-117 

44    Pressure— Illustration,  Plate  II. 1, 116-117 

44    Stop— Lower  Berth— Illustration,  Plate  II 1, 116-117 

*  Tie— Illustration  Plate  III 1, 170-171 

«       «  —Pedestal— /Mu* tration,  Plate  II 1, 116-117 

Bars,  Bonding  and  Splice — Automatic  Electric  Block  Signals 

—Illustrations IV,  283 

44     Bus 1 ,  431,  436, 460,  461 

44     Crown I,    75 

u  a      —Illustration I,    98 

Barbarism,  Relation  of  Property  to XI,      9 

Barbed  Wire  Fence — Illustration Ill,  341 

Barclay,  Dr.  Robert IT,    18 

Barker,  Mr.  J.  H I,  209 

Barlow  Wheel,  Invention  of I,  619 

Barlow's  "Saddle  Back"  Rail,  A.  D.  1856— Illustration. . .  .Ill,  264 

Barnard,  W.T X,  298 

Barrel  Plates— Illustration I,    98 

Barry,  John  Wolfe 1, 86;  III,  189 

Barter,  Early  Practice  of XI,    71 

44       Influence  of— on  Rates VIII,    79 

44       Woman  as  a  Subject  of XI,    14 

Base  Casting— Illustration,  Plate  II. 1, 116-117 

*  Pilaster— Illustration,  Plate  II 1, 116-117 

a     Smoke  Flue— Illustration,  Plate  II, 1, 116-117 

44     Stack— Illustration,  Plate  I I,  68-69 

44    Washer  for  Railing  Post— Illustration,  Plate  II..  .1, 116-117 

Basin  Coupling—  Illustration,  Plate  II. 1, 116-117 

44      Valve— Illustration,  Plate  II 1, 116-117 

44      Waste  Pipe— Illustration,  Plate  II 1, 116-117 

Basis,  for  Ascertaining  the  Relative  Economy  of  Railways 

in  the  Employment  of  Labor II,    27 

of  Capitalization Ill,  2&-40 

44  Railway  Taxation Ill,  433-457 

Basket  Rack  Brackets— Illustration,  Plate  II 1, 116-117 

Continuous— Illustration,  Plate  II. 1, 116-117 

Netting—  Illustration,  Plate  II 1, 116-117 

44      Rod— Illustration,  Plate  II. 1, 116-117 

Battens,  Grain  Door— Illustration,  Plate  III 1, 170-171 

44    Leaf—  Illustration,  Plate  III. 1, 170-171 

Batteries,  Storage 1, 438-440 

_Use  of IV,  176,  180 

Thermal I,  397 

Battery I,  397 

44         Chemical  Energy  in  a. I,  402 

44         Elements  in— Automatic  Electric  Block  Signals — 

Illustrations IV,  282 
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Battery,  (lalvanii.— Proiluctton  of  Light  from IV,  176 

Gravity     Bleotro  Motive  Voi'"  el  a  OaU of I.  401 

"        TerminalM  In. I,  397 

Battle  of  tlio  Gauges 1,38.37;  111.  192 

Baiiroe-Marpent  ..  [run  t'ar—  I llu*lrati<in I.  1M 

Bavaria,  Heating  C*ra  in.  ... V,  334 

Beaoonsfleld IX.    17 

Beam  Brace,  A^siliarv  i.'iiiniire8*loo—n/««(ro(i<in,   Plate  If 

1.116-117  . 

"     Com]irt'N«loii -Illustration, Plate  II. 1, 116-117 

"      _||„  low  -lll„.irat,..n. Plain  II I,  11G-U7 

"       BufffflS- IlluttraHo*,    Plate  I I.  68-B8 

"      Center  Birring— /(iWroiton,  Plate.  II 1,116-117 

"  *        Brake  —  lllu*<ra.tion,  Plate  It, 1,116-117 

"      Oompreaofrtn-  lllvatratio*.  Plat?  II I.  116-117 

"       3afeiv— '""''"'"•.«,  Plate  II 1.116-117 

-      Mf'lrite     tUuatration,  Plate  II 1.116-117 

"      Spring—  Mitatrat ,  rtate  II 1, 1 16-117 

Beams,  Auxiliary  Ki-rrvnir— IHu«(raKoo,  Plate  It....  1, 116-117 

"      Brake...' l,i!B8,30-1,S;&,  381 

"  "     — Spring*  on 1,334 

Steel— Tningli  of.    I.  484 

Bearing..., IV,  199 

-/»«*:■  ■■■■■■■„ IV.  196 
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Belgium,  Government  Supervision  in Ill,    60 

%        Heating  Care  in V,234,  235 

44         LightingCars  in IV,  173 

Railway  Taxation  in Ill,  433,  444 

M         State  Management  of  Railroads  in VIII,  238 

Status  of  Railways  in VIII,  342 

44         Use  of  Metal  Ties  in Ill,  377 

Bell 1,68,111,  112 

*  —Illustrations,  Plate  I I,  68-69,    60 

44     Cord I,  362 

*     First  Use  of— as  Signal IV,  250,  251 

44         tt      Hanger— Illustration,  Plate  II 1, 116-117 

44     Signals— Rules  Governing IV,  347,  348 

44        *     Train I,  112 

44     Crank,  Throttle— Illustration,  Plate  I I,  58-69 

-     Engine— Use  of IV,  360 

Bell-Ringer,  Automatic I,    68 

*  u        Steam— Illustration,  Plate  1 1, 68-59 

Bell  Stand—  Illustration,  Plate  I I,  68-69 

44     Use  of IV,  268 

Bells,  Electric I,  401 

Bellerophon XI,    86 

44  Belpaire  "  Fire  Box I,    76 

Belt  Rail— Illustration,  Plate  II 1, 116-117 

*  *    Cap— Illustration,  Plate  II 1, 116-117 

Benches  for  Working  in  Metals  and  Wood I,  269 

44         Work .  I    243 

Bend,  Return— Illustration,  Plate  II '. V.V  ............ .1, 116-117 

Benefits  Derived  from  Interchange  of  Views  Between  Rail- 

way  Officials I,  289 

Bentley  &  Knight I,  520 

Benzole,  Handling VI,    99 

Berbers X I,  26,    66 

Berlin -Hamburg  Railroad,  Locomotive  and  Tender  Com- 
bined— Illustration I,  130 

Berme Ill,  251 

Berth  Catch  Handle— Illustration,  Plate  II 1, 116-117 

44      Chain  Pullev— Illustration,  Plate  II 1, 116-117 

44      Curtains— Illustration,  Plate  II 1, 116-117 

14      Front,  Lower  Part— Illustration,  Plate  II 1, 116-117 

44  *      Panel— Illustration,  Plate  II 1, 116-117 

44  u       Upper  Part— Illustration,  Plate  II 1, 116-117 

44      Lower— Illustration,  Plate  II 1, 116-117 

44      Mattresses— Illustration,  Plate  II 1, 116-117 

44      Upper— Down— Illustration,  Plate  II 1, 116-117 

«  *      —Up— Illustration,  Plate  II 1, 116-117 

44      Partition— Illustration  Plate  II 1, 116-117 

44      Pillows— Illustration,  Plate  II 1, 116-117 

u      Safety  Rope—  Illust ration,  Plate  II 1, 116-117 

44      Spiral  Spring— Illustration,  Plate  II. 1, 116-117 
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Berth,  Spring  Chain— Tlhmiraiion,  Plate  II. 1, 116-117 

*  "      Frame— IHuafi-aiioa,  Plat*  II. 1, 1 16-117 

"Beat  Friemr  Locomotive,  lAJO-flhwilrortoit I,     33 

fcetlilclicm    Iron    Iimiii'hiiv'h    Kail,    "Meal   Yar.l"   Pattern— 

A.  IX  iya-1 —  Itt<.»iration 111,303 

IiPt!erraent«— rliart>1"K  li>  Co  net  met  ton VII,  4fl5 

Beveled  (iritlfi  Stri|.H-/"»«"-afion,  I'tutt  III 1,170-171 

Bl.liler,  I.  1* ; X,  184 

Riil.ile  System  of  Llfhtliis IV,  17» 

Mtil».  for  Tti's VII.  97,     98 

"       "    Woo'l VII.  B».     OS 

"      SoU.-ltutton  of VI  1.61-53 

Bill  ClerkB VI,  133 

"     of  l-ailinn VI.fll.114,  118 

"     "  Importunes  of VI.  119 

Li ..ri.-i.iof VI.  in 

"     "  Killed  1 lovernlnjt VI,  138 

"     Special  Journal— Frultfht  Auditor'*  Advice  of.  .VI,  307.  308 

BHKAii|irovuI  of II.  286.  291 

-      Auditing 11,236;  X,  69. 91-99 

"      Bank  —  Kim  km  (it  ion  of.. Ill,     16 

"      Care  of X,  271.  372 

"     Doctors' - II.  333 

"      Kxamlnatioii  of VII.  432 


not  Uncollected IX.68. 2«rs.  408 
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Bins  for  Storing  Damaged  Articles I,  272 

Birds,  Carriage  of V,  519 

Birkenshaw's  Wrought-Iron  Rail,  A.  D.  1820— Illustration. . 

Ill,  190 

Black  Pointer I,  319 

Blackett I,    23 

Blackett's  Locomotive I,    23 

•*         Second  Locomotive I,    23 

Blacksmith,  Ability  of— in  the  Early  Ages  of  Mankind,  1, 131,  132 
44           Shop,  Car  Department— End  Elevation— Illus- 
tration   I,  264 

44              u      Car   Department— Side   Elevation— Illus- 
tration  8 1,263 

a  u       Cross  Section— Illust ration I,  266 

44  **      Locomotive  Department— Illustrations  .1,  249 

44  Shops 1, 130-132,  251, 256,  262,  263,  271,  272,  275 

Blacksmiths I,  230 

Blade,  Eccentric I,    90 

Blanks,  Baggage V,  469 

Train  Statistic IV,  62-67 

Use  of VI,  315 

Writing  on IX,  433 

Blanque,M V,  223 

Blast,  Intensity  of — How  Controlled I,    69 

44      Steam I,    30 

"Bleeder" 1,377 

"Bleeding"  a  Car 1,346 

44            a  Train — Instructions  to  Switchmen  and  Yard- 
men  I,  376,  377 

Bleeding  Cock— Illustration,  Plate  II 1, 116-117 

Blenkinsop,John 1,21;  111,125;  XI,  611 

Blenkinsop's  Locomotive,  Details  of I,    41 

Rack  Rail  Locomotive,  1811— Illustration,  I,    21 

Block,  Center  Plate— Illustration,  Plate  II 1, 116-117 

44      Cylinder— Illustration,  Plate  III 1, 170-171 

«      Guide—  Illustration,  Plate  1 1, 68-59 

44      Link I,  90,    94 

44  u     —  Illustration,  Plate  I .1,  68-59 

44      Pin  Link— Illust  ration,  Plate  1 1,68-59 

44      Reservoir— Illustration,  Plate  III 1, 170-171 

44      Scotch— Meaning  of  Term IV,  315 

"Block  Signals" VII,  457 

Block  Signals IV,  276-301 

44        Automatic— Illustrations , . .  I V,  602-  504 

44  *  u         Electric— Illustrations.. IV,  280,282-285 

SvRtems  of IV,  276.  277 

44      Spring— Illustration,  Plate  I I.  5S-59 

tt      System Ill,  38;  IV,  116-117 

44  u        Absolute IV,  293 

Costof 1V,294,  296 
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Block  System,  Cost  of— In  England IV,  141 

Electric  Automatic IV,  279-301 

Kusili-li-liule.-  Governing IV,  456-463 

—Meaning  of  Term IV,  310 

Permissive IV,  293 

Signals  of I,  311 

Use  of-in  England VIII,  323 

"     Immtoncfcl*—  Ilttutrat&m,  Ptato  in  T,  170-171 

Blocking Ill,  247, 248,  332 

Blocks,  Insulating I,  464 

Blotter,  Labor ., VII,  382,  379 

Blow-Ofl"  for  Steam— lllwlmtinn,  Pttttt.  II 1, 116-117 

-     W*XQT-Ulu*<ration,  Plate  II 1,116-117 

to  Hear  Strainer-  Illustration,  Plait  II.   ...1,116-117 

Blow-Out  Hose—  Instructions  to  Trainmen I,  369 

Blow  Pipe I,  104 

"       Triple  Val^e— Stopping 1, 374,  375 

Blower— IllMtralitma,  Plate! I,  BS-5B,    99 

Lock— Illiixtrittiftn,  Piute  I I,  58-59 

Blowing,  Triple  Valve— instruction-  to  Trainmen 1,374,  375 

"Blucher"  Locomotive— StapneOMO'a—  Details  of I,    42 

"  Stcpl u'M sun's  First  Locomotive — Illustration... I,    25 

Blue  Printing  <  lllice I,  278 

"     Signification  of IV,  341 

Board,  Chairman  of  the 11,131, 138,  143 

"      Cornier— Window  Slli—  Bhwtrilto*,  !'lt,tt  II,. . i,  116-117 
"      rascis— mmtTatim,  Plate  II 1, 116-117 
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Body  Center  Bearing  Arch  Bar— Illustration,  Plate  II.  .1,116-117 
•         »       Plate-/««*r««o»,,  j  fgg  h""  —  ^  \l£\\\ 

44     End  or  Grab  Rail— Illustration,  Plate  II 1, 116-117 

44        tt     Plate—  Illustration,  Plate  II 1, 116-117 

44     Queen  Post— Illustration,  Plate  II 1, 116-117 

44  Brace- Illustration,  Plate  II 1, 116-117 

44     Side  Bearing— Illustration,  Plate  III 1, 170-171 

44  Bridge— Illustration,  Plate  II 1, 116-117 

44        *     Pillar— Illustration,  Plate  II .    1, 116-117 

44     Transom  Center  Bearing  Pillar— Illustration,  Plate  II 

1,116-117 

44  u  Pillar,  Intermediate—  Illustration,  Plate  II. . 

1,116-117 

44  *  *      Outside— TZfeflf ratio*,  Plate  II. 

1,116-117 

44      Truss  Rod— Illustration,  Pia/e  II. 1, 116-117 

Bogart,  John Ill,  296 

Bogie 1,24,    50 

Cars,  in  Germany I,  171 

44      Engine,  Coupled*  Passenger— Illustration I,  132 

44      Four- Wheeled— The  First  in  America I,    60 

44      — Its  Value  in  America. I,    60 

44      Truck 111,145,  149 

44    Advantages  of 111,114 

44  *    American— Side  View  of-  Illustration I,    66 

44  *    Steel— Illustration I,  229 

Boiler I,  92,  244 

44      Cylindrical  Part  of I,    76 

44      Difficulties  Attending  the  Construction  of I,    38 

44      Dome  of- I,    76 

44      Evaporation  of I,    73 

44      Extension  End  of —Illustration I,    98 

44      Flues  of ..: I,    97 

Fuse  Plug,  Section  of— Illustration I,    81 

Hanger  to  Frame— Illustration I,    60 

Height  of  Water  in— How  Ascertained I,  80,    81 

—How  Supplied  with  Water I,  76, 77,    79 

44      Inside  Shell  Brace  of—  Illustration I,    98 

J hcket— Illustration,  Plate  I I,  58-59 

Lagging I,    74 

"         —Illustration,  Plate  I. I,  68-59 

44  Length  of I,  38 

44  Locomotive — Effect  of  Impure  Water  Upon I,  248 

44               "          —Generation  of  Steam  in I,  72 

44               "          — American I,  44 

44  u  — Longitudinal  Section  of — Illustration... 

.  .1   62  98 

44  Main  Barrel  of— illustration.'.'.'. ".7.7.7.7. V.'.V.V. .'.  .1,  60 

44  Means  of  Fastening  to  Frame— Illuetration. . I,  62 
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Boiler.  Mirthful  of  Sopphrtng  Wrtof  W 1,106,  1 

Multitubular— The  First- 1, 

"  on  a  Railway    locomotive— 

Sequin's,  1338 1, 

Plate,  [nanrvtion  of I,  i 

M.i-ri      I  -J  for 1, 

"       Quantity  of  Water  In I, 

"      Koom.  Ventilation  of .1,  8 

"      Safely  (if—  Mirthoils  of  Securing .1,  76. 

"      Seam.  Horizontal  —  ItlttstraHon,  Plnle  1 1,68- 

Se<tlonof     Showing  Illoner—  ItluMrution  I, 

"      Sii.trts I,* 

"      Shell  -Itl^-trulion J,    ! 

"      Shop 1,251,256.  2' 

"      Simnf I, 

"       Sri' jin  fif-<:t'r:i'.iiiK  i  'opacity  of ...I, 

"      Strain  on I,    ' 

**      Supply  of  S'.i-mn  Keqnlrtii  from I,    ! 

"      Tin,  line,  M  i.  -i  :.■   i   H  .i.  k-i:;i:lt  Shops;  Locomotive 

Itepartmi'tif-  llltmiralionn ),  2 

"      Trimming  Gang..  ■■ I,  3 

"      Trimmings 1,2 

"      Tutus I,    ' 

*  -       Machinery  for  Cleaning I,  2 
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Bolt,  Wedge— Illustration,  Plate  1 1, 58-6© 

Bo  its 1,75,  272;  III,  285 

44      Cost  of m,  408 

44      Fang Ill,  197,  198 

44      Interlocking Ill,  380 

u      Radial  Stay— Illustration,  Plate  1 1, 68-59 

44      Stay I,    75 

44        *    —  Illustrations, Plate  1 1,58-59,98 

tt        tt    —Drilling  Out  and  Replacing 1,243 

44      Strap— Illustration,  Plate  II 1, 116-117 

Bonded  Debt— A  Basis  for  Taxation Ill,  446 

Bondholders 111,92,    94 

44  Waiving  Interest  by Ill,  462 

Bonding  and  Splice  Bars,  Automatic  Electric  Block  Signals 
—Illustrations IV,  283 

Bonds, 111,65,    80 

44       Coupon Ill,    96 

*  Details  of 111,92-100 

u      Draymen's IX ,  318 

44      Duplication  of Ill,    75 

44      Guaranteeing  Payment  of  Freight  Charges IX,  312 

*  Guaranty IX,  158-177 

44      Income Ill,    93 

44       Indemnity VI,  116;  IX,  15&-177,  288, 353-358 

—Applications  for IX,  165, 166, 170,  171 

44  u  —Collection  of IX,  164 

—Details  of IX,  162 

44  —Fixing  Amount  of IX,  162,  163 

44  tt  —for  Lost  Checks X,    98 

44       u     Documents X.  269 

—of  Public  Companies IX,  158, 160,  161 

44  *  —on  Loss  of  Time  Tickets VII,  409 

44  *  —Paymasters' X,  232 

44  tt  —Private IX,  172, 353,  368 

44  tt  — Registerof IX,  175 

44  tt  —Renewal  of IX,  174 

— Slgnatureson IX,  172,  173 

—Transfer  of IX,  175,  176 

44  tt  —Treasurer's Staff X,259,  260 

14      Interest  on Ill,    96 

44  — Accountingfor,VII,434,  447-149 ;X,  178,  180 

44  —Disbursements  for Ill,  422 

44      Issue  of II  I,  66,    76 

"—  in  England Ill,    73 

44      "   the  United  States Ill,    73 

Mortgage Ill,  42, 64,  86, 88,  168 

Negotiation  and  Sale  of II,  137 

Payment  of Ill,  101 

Registered Ill,    97 

Sale  of ...Ill,    92 
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Bonds,  Spurious il,  194 

"       Town m,    16 

Bondsmen,  Guaranty IX,  173,  173 

Investigation  of— by  Traveling  Auditors. IX,  288 

Private IX,  176 

Bonuses in,  74,    75 

Payment  of Ill,    78 

Book,Bri.Ige;iml  Iluililm-Tmie  (  Mini  1  >Mributi..n)  .  VII,  375,  376 

"      Distribution  of  Material— Trtck  Foremen"s VII,  325 

"      General  Distribution  of  Labor VII, 382-385 

"  "  "Material Vli, 316-3-20 

Time VII,  372,  373 

"      Material  Received VI  I,  289-291 

— Use  of VII,  100,  101 

"      Track  Tiiii<!  ( ami  1  li.itribntion) V1I.373-375 

"     Tickets V,  95-97 

Books,  Carriage  or V,  630 

"       Distribution VII,  314 

"  "  —  KiiU'rin.s;  Variuns  Persons  Accounts  Id. 

VII,  433-128 

—Use  of.... VII,  381 

"       Memorandum— Agents' V,  612-514 

"       of  Ri'fi'ren I1''.  N'i?(.'cssi(.y  ami  Value  of. II,      iii 

Old— Disposition  of VII, 305,  432;  IX,  291,431-433 

Overcharge IX, 364,  3C5 

Preparatory— Material VII,    02 
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Boring  Bars,  Cylinder I,  262 

44      Machines I,  268 

Borneo XI,    60 

44       Inhabitants  of XI,    27 

Bosnian  Railway  Compartment  Car — Illustration I,  214 

Boston  &  Worcester  Railroad,  Headlight  of I,    68 

Bottle,  Hot  Water I,  204 

Bottom,  Ash  Pit— Illustration,  Plate  II 1, 116-117 

44        Bar  of  Shade—  Illustration,  Plate  II 1, 116-117 

44        Door  Rail— Illustration,  Plate  II 1, 116-117 

Face  Plate  Guide— Illustration,  Plate  II 1, 116-117 

14        Plate,  Body  Bolster— Illustration,  Plate  III. .  .1, 170-171 

44        Rail,  Side  Door— Illustration,  Plate  III 1, 170-171 

Boucherie  Process Ill,  369-362 

Boulton,  Samuel  8 111,368,  369 

Bounties IV,  24-27 

Policy  of  Giving VIII,  206 

Bowl,  Cold  Water  Pipe  to— Illustration,  Plate  II 1, 116-117 

44      Porcelain— Illustration,  Plate  II 1, 116-117 

44      Wash— Illustration,  Plate  II 1,116-117 

44      Hot  Water  Pipe  to— Itlustration,  Plate  II 1, 116-117 

Box  Car,  Austrian  — for  Transportation  of  Glass — Illustra- 
tion  I,  186 

44        *    German — Illustration 1,184 

44        u    in  America I,  207 

44        *    Turkish— Illustration I,  182 

44    Victorian— Illustration I,  183 

44     Care I,  121 

44    in  England 1,172,  173 

44     Driving— Illustration,  Plate  I 1, 68-69 

44      Engine  Truck— Illustration,  Plate  I I,  68-69 

44     Fire— Illustration,  Plate  I 1, 58-59 

44     Freight  Car,  American  Standard I,  167 

44  tt  u  *  tt  —Illustration,  Plate  III 

1,170-171 

44  tt         —Cross  Section  of— 

Illustration I,  169 

14                                        u          —End  Elevation  of— Il- 
lustration  I,  168 

44               a         —Sectional  View— Il- 
lustration  I,  167 

44     Journal IV,  199 

Illustrations  i  PUlte  U T»  "*-"7 

— illustrations,  j  plate  JJT j  170-171 

44     Pillow— Illustration,  Plate  II 1, 116-117 

44     Question 1, 228;  IV,  305,  306 

44      Rail,  A.  D.  1858—  Illustration Ill,  274 

44     Rocker— Illustration,  Plate  I. 1, 68-59 

44     Sand I,  110 

44         *    —Illustration,  Plate  1 1,68-69 
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Boxes,  Driving 1, 2S6.P286 

■■      of  Motor  Car  Trucks I,  «8 

-  Oil I,  S13 

Brace— ■Illn»trali»n,  Plate  II 1,116-117 

"       Arch— Illustration,  Ptate  I. 1.58-69 

Auxiliary  <  onii'M^ion  Benin— Illunlration,  Plate  II.. 

1,116-117 

11       Boilv  (Jiiuun  I>,nl—llh<*tr<,tion.  Plate  II. I,  116-117 

"       Comjircs-'ion  Ream— Rlu*tratiait,  Plate  II. I,  118-117 

Driver  Spring  Hrin"i>r  —  Illvxtntlion,  Plate  1 1,58-59 

"       Floor  Timber-  ■  fltmrattom,  Plate  II 1, 116-117 

"      Ferward-lHwafraHaa 1,60 

"      Frame— Tttunlrafian,  Plate  I , I,  58-59 

"      Hand  Wbeel—  Ittuatratitm,  Plate  II 1, 119-117 

"       Insi.le  HUm—Illimtrtititm I,    08 

"       Pedestal—  Ittmtration,  Plate  I 1,68-69 

»       —lUvxtration,  Plate  II. 1,116-117 

"       Kod  Straiuim;  -Ilh^tr,,t;<,«,  Plate  II 1,116-117 

Washer— ttttt*traUo»,  Plate  II.... I,  116-117 

"      Step  Hangar—  BluafwiHon,  Plate  11 1,116-117 

Braces I,    75 

-  End— niHHtrntimi,  Plate  III 1,170-171 

"        IntermeiMiite  :md  Dour   Va^—Illuni.-atio,,,  Plate  III 

1,170-171 

"         Side  Door- WrM/rn/mii.  Plate   HI I,  170-171 

Transom  and  Comer— Itta/ttrolim,  Piute  III.  ..J.  170-171 
"  "  "'    Intermediate— JUvMrnttom,  Plate  III.. 
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Brake,  Air  —Automatic 1, 300 

44        *    — Construction  and  Operation  of 1,391 

44       M    — Explanation  of  a  Popular  Form  of  Automatic,  I,  638 

44        u    —First  Form  Successfully  Used 1,305 

u    —How  to  Use  It 1,314-333 

44    -Invention  of I,  306 

44        u    — Number  of  Men  Required  to  Manufacture 1,  133 

u    —The  Perfected 1,333-363 

44      Apparatus,  Inspection  of I,  330 

14      Application  of,  in  Emergency— Instructions  to   En- 
gin  em  en I,  319 

44  tt    "  Service— Instructions    to  Engine- 

•  men I,  317,  318 

44  M  —Inventions  for  Hastening I,  310 

44      Automatic I,  308,  309 

44  u  Freight  Car  Equipment— Illustration. .  .1,  641 

44  *  Locomotive  Equipment— Illustration... I,  539 

44  u  Passenger  Car  Equipment— Illustration. J^  540 

44         44      Adjusting    Hanger    Carrier—  Illustration, 

Plate  II 1, 116-117 

"         u      Compression  Members  of I,  214 

44  tt      Hollow— Illustration,  Plate  II...   1, 116-117 

44      Truss  Rod— Illustration,  Plate  III 1, 170-171 

44      Beams I,  298,  304,  379, 381 

44      Springs  on I,  334 

44      Cam I   329 

44      Car— Operated  by  Steam,  183fh^ Illustration V. . . I,  299 

44      Chain I,  292,  298,  306 

44      Hand I,  297 

44  tt      Shaft—  Illustration,  Plate  II. I,  116-117 

44      Compressed  Air 1, 292,  299 

44      Continuous I,  298 

44      Coupling,  Vacuum— Illustration I,  308 

44      Couplings 1, 321,  330 

44      Cut-Out  Cock— Illustration,  Plate  II 1,116-117 

44      Cutting  Out,  on  a  Car— Instructions  to  Trainmen 

1,324-326 

44      Cylinder  ....  I,  207,  305-308, 334-336,  356-361,  377, 378,  380 

—Illustration,  Plate  III. 1, 170-171 

Piston 1,332 

Pressure 1,356-361 

Quick  Action I,  312 

44             "         Ratio  of  Auxiliary  Reservoir  to—  Illustra- 
tions  I,  357-359 

"Reinforce" I,  312 

44  a  Retaining  Pressure  in I,  327 

Cylinders—  Illustrations,  Plate  II 1, 116-117,  540,  541 

44  u  Driver— Illustration I,  639 
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i   Cylinders  —  Instructions    to  Rnglne- Mouse  Foremen 

and  Inspectors I,  339 

Repairs  H I,  1182 

Discovery  of I.  281 

Driver I.  3S2 

Early  Form  of— Illustration ],  296 

"      Lever,  11)30—  Iltail ration |   291 

EintTficin'v  Applications  of .1,  311-319 

BngtaevTnick I.  320 

Evolution  of 1,291-314  i 

Hand— Modem— Illustration 1,  300 

"    —  on  Freight  Cats  „ J.  378 

Hanger— JH»«lrn«un,  Ptnte  II 1,116-117 

"       &«n— Illustration,  Plate  III 1,170-171 

"      Carrier— IllMration,  Mat*  fl 1,116-117 

Hook— Illuxti-Hiion,  I'lalr  III  . 1.  170-171 

-       vir.     mu^Tniir.^     $  Plate  II 1,116-117 

rin—tuititiraiiQna,    ^  plaU  m ,170-171 

Haagera 1.  370 

TI=,T       nUrdl^u      \   POltr  II    1,116-117 

Head— nuntrttitona,  >  ylalt  „i 1,170-171 

Beads 1,  214 

"Ilish  Speed" 1.310  31;!.  3W.356 

IliiCli  Sj 1— Safety  \  alvo  for—  ItluHtmtton 1,  362 

History  of 1.291-314 

Ilo.ip.  Air— Armored     llluntmliiin.  Plait  II      .1,  11C-117 
Ilvdrmdiu 1.292,  j 
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Brake,  Plain  Automatic I,  886 

"      Platform  Kr^t.'-t- Illustration,  Plate  III 1,170-171 

"       Power,  Cause  of  Loss  Id I,  378 

"      Primitive— I-'.. nns  of I.  291 

u       Pump,  AirCylliKler-/""""'";"",  /'late  I I,  68-69 

Steam  Cylinder- CHusfruiiu.-,  Plate  I 1,68-69 

"      Quick  Aotluo 1,310,311,334,373 

"       Railway—  Kvolmfon  of 1,294 

■*      Ratchet— l»««(rn(i(ni,  Pbif  II     ...   ... 1,116-117 

*  ■        Wheel— lllustra lion,  Plate   II I,  116-117 

"  Reference  to  I'seof— In  Writing  of  Hie  Ancients   . I.  293 

-      Reinforce 1,811 

"      Rigging.  Stiff 1.  878 

*  Rules  and  Rfgolntloim  deeming  the  Use  of.   .1,  314-333 

■  Safety  Strap—  /'<<<«< ration.  Plate  II 1,  116-117 

"  Sectional I,  398 

"  Shaft 1.298 

"  Shoe I,  291,  293.  301-806 

14         "      and  Its  Application  to  the  Driver— Illustration,  I,  304 

"     Clotting 1,399 

"     Friction 1,379 

»     Kbv— Illustrations- }  rlntf" '.  H«-H7 

Key—  HHMiranoM  j  /ljaf(>  /;/ j   170-171 

"        "     Pressure  of-  Against  the  Wheel I,  311 

"      Shoes.  1,314.  334 

"  — Sla.k of I,  333 

"       "Sprag" — Illustration j,  294 

"      Steam 1,393,306.  380 

*  ■*     —for  Driving  WIicls— Stephenson's,  1833— J(- 

(■<-■■  11  ■■■..!      It  2gg 

"  Temler,  1883—  Illustration I,  298 

"         "    —Robed  BtepbtmeA** I,  297 

"      Straight  Air I,  306 

Style  of I,  379 

"      System,  Automatic I,  336 

"      Tender. . I,  381 

"      Teats,  Upon  Mi>t»r I,  476 

"      TheSweenev I,  383 

"      Truck— III fiirt if i'«n,  Plate  I f.  68-69 

"       Vacuum.  I,  309-801 

u  •'        —  Illustration J,  306 

11       — Automatic 1,  292 

"  "        —Plain 1,  393 

"      Valve,  Conductors' I,  319 

*  "      Emergency  Position  of  I.  318 

"      Engineer's I. »W.  316.317.319.320.  638 

"  "  "  —Illustrations,  Plate  I |,  6K-  59.  349 

"  "  "         — Oj-erationsof..  1,349-362 
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lirake  Valve,  Engineer's— with  Feed  Valve  Attachment  and 

Duplex  Air  Gauge—  J" aKlra lion L  SI6 

-      Handle 1,315 

"      li,-i,:rvo\r—Iti\mtralion,  Plate  1 1,68-63 

"      Valve?,  rotxluctorV I.  330 

Brakes I,  814 

Adjustment  of— Instructions  to  Car  Inspectors. 1,  833 

■l  ....  -  ■>  Engine-House  Fore- 

men and  Inspectors. 

1,839 

Air IV,  114.  11B 

-  -Automatic I,  334-336 

•    _f„r  Motor  Car* I,  485 

*  "   — liiiro.lu.-tlonof I,  394 

••   -Kind*  i.f. 1,334 

■•   „ lerkloi!  with 1,368 

-  _ "Siraislif 1,334,336 

-  -'hating 1,869 

•    -t'neof IV.416,433 

"       Application  of,  from  an  loknowo  Cause — Instruc- 
tions to  Knglneuieti I,  318 

"       Applvlng 1.334-336,  348 

and  Helping 1,808,  309 

'      n  ilia  Train 1,  326 
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Brakes,  Releasing   1, 30^334-336, 348*366 

"  "         — Instructions  to  Trainmen I,  374 

■  "        —on  Freight  Trains I,  367 

-  Running  Test*  of 1,363,  364 

"  Betting I,  348 

"  Sticking— Instructions  to  Trainmen I,  324 

"  Storage  of  Pressure  for  Applying I,  334 

*  Testing. I,  870 

*  "       —Instructions  to  Car  Inspectors 1,330,  331 

"  Engineers 1, 868,  8*4 

"  "  ~  Enginemea I,  317 

■  "  *  TralDmen 1,321-333 

The  First I,  293 

"       Train I,  380 

Use  of— on  Cars I,  297 

Braketnan,  The IT,  54-66 

Brakemen,  Duties  of IV,  401 

EarlyDutiesof 1,171,179 

"         Freight-RnleB  Governing IV.  420 

**  Genera]  Instructions  to IV,  415-420 

"  Passenger— Rules  Governing. JV,  417,  41B 

Responsibility  of iV.123.li4,  417 

Trustworthiness  of IV,    64 

Braking,  by  Hand— Instructions  to  Enginemen 7,319,  320 

Power.... 1,811,378-380 

"      —Effect of  PlstonTravel  on 1,866-361 

"  *      —Instructions  to  Car  Inspector* 1,  332 

"       Uniform I,  301 

Branch  Pipe— IllustraUom,  Plate  I 1,68-59,  641 

"        "     Signal,  to  <"ar  Discharge  Valve—  Illustration, 

Platell 1,116-117 

"         "to  Conductor's  Waive— Illustration,  Plate  II.,.. 

1,116-117 

*       -  Train  Pipe— Illustration,  Plate  II 1,116-117 

"       "  Triple  Valve— Illustration I,  640 

*•        "      Triple  Valve  to  Auxiliary  Reservoir— Illustra- 
tion  I,  640 

"       Pipes I,  336 

Branches,  Construction  of II,  211 

Brass,  Engine  Truck— IHuttra Hon,  Plate  I I.  66-66 

"      Foundry  I,  267.  268 

"      JonTn&i—Tlhst ration,  Plate  II I,  116-117 

"      Melting  Furnaces ....I,  267 

"      Scrap.  Care  of VII,  803 

-  Use  of— by  Railways VII,  209 

Brasses 1. 213,  268 

Accounting  for VII,  136,  137 

Care  of VII,  134-138.  269,261,  297 

*  Disbursement  of VII,  136,  298 

■  Examination  of — on  Locomotives I,  344 

as  vol  is 
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VII,  134-138 

VII, 346 

VII,  136 
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VD.13B 

363 

137 

VII 

134 

VII,  298 

299 

298 

Use  of  

VII,  134-138 

Brazilian  Cattle  Car— Itlusirati 
BynatnitB  Car—  /»»«/ 

Flat  Car— Iltttstnilioi 

I 

152 

Rre. 
Brio 

Brid 

ja,  American  Plato  Girder 

Overhead - 

- 1  lltta /rations... 

and  BtlfldiajrTlnio  toil 
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Bridges,  Unsafe Ill,  430 

Bridging I,  213 

*       —Illustration,  Plate  II. 1, 116-117 

Briquettes,  Use  of— for  Heating  Trains V,  233,  234 

British  Guiana III.    15 

u       Isles — Their  Primitive  Associations  and  Means  of 

Carriage XI,  441-447 

44  »      Primitive  Carriage  in— Illustrations . . .  .XI,  441-447 

Mint in,    11 

Bronze XI,    73 

44       Manufacture  of — by  the  Phoenicians XI,  134 

44       Use  of— by  Railwavs VII,  209 

u       Wheels,  Ancient—  Illustration IV,  193 

"Brother  Jonathan"— First  Truck  Engine,   1832— Illustra- 
tion  I,    34 

Brotherhood  of  Locomotive  Engineers II,    53 

Brown  &  Sharp  Gauge ,  I,  402 

Bruce XI,    28 

Brunei I,35;1V,    35 

u      Gauge  Adopted  by Ill,  191 

Brush,  Cutting Ill,  240 

*      Removing. Ill,  285 

Brushes I,  457 

44       Access  to I,  471 

44       Burning  at  the I,  439 

44        for  Conducting  Current I,  407,  408 

Brushholders. I,  457 

Brute  Force,  Domination  of XI,    28 

Buck,L.  L Ill,  360 

Buckles,  Turn I,  332 

Buffer  Beam— Illustrat ion,  Plate  I I,  58-59 

"      Plate,  Short— Illustration,  Plate  II 1, 116-117 

Buffers,  Carriage I,  170 

44        Face  Plate— Illustration,  Plate  II I,  116-117 

Buffet I,  200 

44      Car I,  196 

a      Smoking  and  Baggage  Car,  American  Standard — Illus- 
tration  I,  211 

Car I.  148,182,  196 

44  **  *    American— Interior  of— Illustration.. I,  212 

Builder,  Car— Master I,  284 

Carriage— The  First I,  132 

Problem  of I,  149 

Builders,  Administrative  Talent  of I,  126 

Benefits  of  Consultation  Among I,  126 

Car 11,277 

44         Early  Railway I,    86 

44         Experience  and  Talent  of I,  121 

44         General  Practice  of — in  America I,    64 

44         of  Cars  and  Locomotives I,  124 
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"  Construction  of 

u  Costof  Keeping  in  Order 

*  Deterioration  of 

u  Disbursements  for  Rent  of. 
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Extending ... 

for  Care  and  Maintenance  of  Rolling  St 

w  Making  Repairs 

Sheltering  Locomotives 

Buildings,  Furniture  and  Fixtures  " 

Buildings,  Improving 

u         Influence  of — on  Cost  of  Maintenance. . 

"         Removal  of 

Repair  of 

Requisitions  for  Material  for 

Shop— Design  for 

Supplies  for 

Bulgaria 

Bulgarian  Wheel— Illustration 

Bulk— an  Element  in  Classifying  Rates 

Bulldozer , 

Bulletins.  Posting 

Bull-Headed  Rail,  A.  D.  1858— Illustrations HI, 

**     London  &  Northwestern  Railwi 

1889 — Illustration 

Bullion II,  24: 

"        Transportation  of 

Bumper 

Bumping  Post — Illustration 

Blink  Apron — Illustration,  Plate  II , 

Panel— Illustration,  Plate  II '...., 

Bureau,  Advertising 

Claim 
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Burner,  Head! \ght— Illustration,  Plate  I I,  68-69 

44       Tips— Illustration,  Plate  II 1, 116-117 

Burnettizing  Process. Ill,  369-362 

Burst  Hose— Instructions  to  Trainmen I,  326 

Burt,  H.  G VII,  304 

Bury  &  Company 1, 32,    37 

Bus  Bare I,  431, 436,  460,  461 

Bush,  Rod— Illustration,  Plate  I 1, 68-59 

Business,  Ancient  and  Modern  Devices  of VII,  229-231 

44         Car VII,  226,  226 

44         Competitive 11,237,  238 

44         Freight VI 

44         Method  s X,  1 1-1 6 

44  u        Uniformity  in VII,  237 

44         Passenger— Procurement  of V,  112-116 

44         Supervision  of II,  201 

Butter,  Loading VI,  103 

Butting  Timber— Illustration,  Plate  III 1, 170-171 

Button,  Push— Electric— Illustration,  Plate  II 1, 116-117 

B  u  t  tresses , . .  I,  253 


Cab I,  66,  112 

*     —Illustrations,  Plate  1 1,68-69,    60 

44     American  Style  of — Its  Introduction  into  England. . .  .1,    66 

44     Bracket— Illustration,  Plate  1 1, 68-59 

tt    The  First — on  a  Locomotive 1, 66,    66 

44    Trimmings •; I,  286 

44     Whistle  in 1,362 

Cabinet  Makers I,  274 

Cable 1,393,  394 

44     Road 1,393 

44     Transfer 1,254 

Cadiz XI,  133 

Cadmium,  Use  of— by  Railways VII,  209 

Cage,  Draw  Bar  Spring—  Illustration,  Plate  III 1. 170-171 

Caledonian  Railway  Passenger  Locomotive,  Scotland — Illus- 
tration   I,  122 

California,  Use  of  Petroleum  in I,  104 

Calking I,    74 

44         Implements 1,262 

Call  for  Brakes — Instructions  to  Trainmen I,  326 

.Cam  Brake I,  829 

"Camel"  Locomotive,  1848— Built  by  Ross  Winans— Illustra- 
tion  I,    42 

Camel 8, Carriage  of  Railroads  by I,  223 

Camden  &  Amboy  Railroad Ill,  176 

Campbell,  Henry  R I,    61 

"Campbell,"    1837— The    Firat   Standard    American   Eight- 
Wheel  Locomotive— Illustrat ion I,    52 


"        Superannuation  *  uuuo  i.. 

u        Transportation  of  Freight  in 

rancellatiou  of  Vouchers V 

Candaules 

Candles,  Tallow — Use  of,  for  Light 

u        Use  of — as  Signals 

tt    u  —for  Lighting  Cars I,  204;  V 

Cannibals 

Cantilever  Bridge — Illustration 

Cap  Belt  Rail— Illustration,  Plate  II 

u     Dome — Illustration,  Plate  I 

*     Pilaster— Illustration,  Plate  II 

u      Spring— Bolster— Illustration,  Plate  II 

tt  u      —Equalizing  Bar— Illustration,  Plate  II. . 

u     Truss  Plank— Illustration,  Plate  II 

Capacity,  Carrying— of  Equipment 

of  Cars 

Cape  Colony,  Governmental  Management  in VI 

Capital 11,33-36,40, 

u       Acquisition  of— for  Railway  Investments .... 

u       — Amount  Invested  in  Railways 

u        Coercion  of 

u— byLabor 

u        Concentration  of 

**       Confidence  of — Necessary  to  Commerce 

u        Domination  of 

Effect  of  a  Fluctuating  Currency  on 

Foreign — Investments  Made  by 

— Margin  Afforded  by 

— How  Represented 

Increase  of — Per  Mile  of  Road 

— Its  Ability  to  Find  Safe  and  Profitable  : 
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Capital  Stock— Meaning  of  the  Term III.    86 

44    Voting 11,129 

44       Strife  of— to  Find  Profitable  Use n,    84 

44       Wisdom  and  Moderation  of II,    63 

Capitalists .Ill,    26 

Capitalization Ill,  7-106 

44  Basis  of Ill,    30 

44  Criticism  of  Methods  of Ill,    28 

44  —Effect  on  Rates VIII,  293 

44  in  America. 111,69,  142 

44  England HI,  66-71,  85,    86 

44  Europe Ill,  142 

44  Influences  Affecting III.  63-68 

44  Methods  of— in  Different  Countries III,  41-52 

44      u  Great  Britain 111,487-490 

44  of  Railroads VIII,  293 

44  Proper  Basis  of Ill,    86 

44  *      Limitof VIII,  193 

Capitalizing  Construction  Expenditures II,  187,  188 

Captains,  Receipts  Given  by VI,  220,  221 

Capstans I,  173 

Car.    (See  also  "Cars"  and  "Coaches") I,  159 

44    Accountant 1 V,  58;  VI,  49,  63,67,68;  X,    67 

44    Accountants'  Association VI,    57 

44   Accountants*  International  Association  of VI,    54 

44    American  Palace— Apartments  in— Illustration I,  223 

44           **         —Smoking  Compartment  in— Illustration,.. I,  213 
14           **         Standard  Box  Freight  and  Truck  —  Illustra- 
tion, Plate  III 

I,  170-171 

44  a  -Sectional  View— If. 

lustration I,  167 

44  tt  —Cross   Section   of— 

Illustration I,  169 

44  —End  Elevation  of— 

Illustration I,  168 

44  *        Freight— End  Elevation  and  Section 

Through  Journal  Box 
of   Truck — Illustration 

I,  173 

44                                     —Plan  of   Truck    of— Illus- 
tration  I,  180 

44  u     —Side  Elevation  and  Section 

at   Center  Bearings  of 
Truck— Illustration.. 1%  177 

44         Steel  Flat—  Illustration I,  153 

»   —View    of    Under    Side— Illustra- 
tion  I,  154 

Apartment — American — Illustration I.  227 

Appliances , , , , , , ,  ,V  37-39 
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Car.Austrian— IUu»tratio» I,  IBS 

"  "         Box— for  Transportation  of  Glass— Illvtttratio* 

I.  186 

"        "        —  for  CittOMtlng  or  Impregnating  Wood— Ilfaa- 

Iration I,  1»7 

"  "     Liquids—  Illustration 1,180 

-   Axles IV,  186-223 

Manufacture  ot IV,  231,  233 

-A merican  Standard— niuntralion I,  309 

mil  Butter     Smoking  —  American    Standard — 

Illustration 1,  Ml 

'  *  "     Compartment  Passenger — Victorian — tlhts- 

tration 1,110 

"          "     Electric  Lighting   Plant— Austrian   Impe- 
rial Train— IIIiMfnifio* I,  911 

"    Its  Associations. V,396-403 

'    Beer — German — HluMralion I,  187 

'    Be. plan— for  Transportation  ol  Casks — Illtuftration.. .  .1,  151 

'    "Bleeding"  a I,  346 

1   Bos— Gorman—  Illustration I,  184 

'     "  —In  America 1,307 

1      »   _ Turkish— Illtuitration I,  183 

'     "   —  Vlctori:m-/H«ifrarf0ii 1,183 

Brake  Operated  by  St, •:,,„.  mu— Illustration 1,  289 
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Cm  Design I,  877^381 

"   Dining. 1,148,195,  196 

"  — tomtom— JUmMraHon I,  sis 

"    Discharge  Valve — Wifimtion I,  384 

*  »  "       Signa     Branch    Pipe   to— Illustration, 

Plate  'I      I.  116-117 

"    Door— Illualrat  ion,  Piute  II  1,116-117 

"    Double  Truck— Frame  of I,  407 

"   Drawing  Boom 1,1-18,194,  19fi 

"   "  "or  Parlor— American I,  300 

"    D  vii  ami  to— Brazil  laii—Illuulration I,  188 

"    Karly  Sleeping 1,168 

"    Fle.-tric— hi  UfFect  I  pon  Street  I Callway  Service I,  394 

■         Motor 1,467-489 

"    English  Compartment— Origin  of I,  183,  184 

*  First  Claw  l'iiHtunxvr—Gvnuuii— Want rniion I,  J14 

*  Flat— In  Great  Britain I,  H)7 

"    Floor—  Illustration,  Plate  II. 1, 116-117 

*  for  Carriage  of  Sugar  Cane— Illustration I,  Hi 

"  "    Small  Cattle,  l'.lnpi.niH'siiH  Railroad—  Illustration,  I,  190 

"    Freight— Am  ericim  Standard 1, 207-314 

"  *       — Development  of VI,    49 

"  "       —In  Great  Britain I,    31 

"         "       —The  First  1,304 

"    Initials VI,  143 

"    French  Dumping—  Illustration I,  160 

"  "  Reservoir—  f.ir  MijnlilK— Illustration I,  164 

**   BiiihIi    It  mill  tan    nfanlraffim 1, 184 

"       "     —in  Great  Britain I,    31 

"    Gondola 1,207 

"  **         —Victorian  Railway  — JtfH*frn/i'n» I,  166 

"    BaU*B0X— Batetu  KnWr.KiA-Iltuatrulion 1,168 

*  "        — Italian— Illustration I,  iflO 

"  "        —with  Tubular  Frame—  Belgium—  Illustra (ton 

I,  168 

"   Ifofl    fi/iTfnnflmi       1, 148 

"    Horse—  American — illustration I,  193 

"        "         Austrian— Illustration I,  196 

"        *     —Belgian  Srat.!  Hall  roar)— Illustration J,  194 

"         "      —  Victorian   Raiiwuvs—  Illustration     T,  196 

"   Hot  Water  Pipe  to- Illustration,  Plate  IT 1,116-117 

*  Inspectors— General  Instructions  to I,  330-333 

*  Insulated— for  Dairy  Product*— Victorian  Railways—  Il- 

lustration   ,, J,  |88 

*  lion— Illustration I.  169 

"      "     — BHiinie-Marjx'tit'H— Illustration (,  i$j 

"  Joint  Service  Compartment  and  Passenger — Illustration, 

1,231 

"    Light  Ptisb-IHusiradon 1,147 

"   Load,  Freight 1,906,  308 


Motor — Mt.  Holly  Koad — Illustration 

Neptune's 

Numbers 

Observation — American — Illustration 

Open — in  America 

Ore — Illustration 

Palace 

"        u      — An  Apartment  in — Illustration 

44        u      —For  Day  and  Night  Use—  Illustration. . . 

44      —Popularity  of 

44    Parlor 

44        "      — American — Illustration 

44    Passenger 

44  u        — American  Standard— Illustration...  m 

44  f4  and  Sleeping  —  American  Stand 

lustration,  Plate  II 

44  u       —for  Suburban  Traffic 

44  u        — Important    Details    of    Construct!' 

Maintenance 

44  "       — Requirements  of 

Perishable  Goods — New  South  Wales— Illustrati 

Postal — American  Standard — Illustration 

44     — Austrian — Illustration 

44       u  u       —Interior  View  of — Illustratioi 

u        "     — Interior  of  American — Illustration 

44    Poultry— Illustration 

44    Railway — Substitute  for  Peddler  s  Wagon 

44    Refrigerator — Capacity  of 

K  —New  South  Wales— Illust ration.. . 

Repairers 


u 
u 
u 


u 

(4 
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Repair  Shop,  Section  and  End  Elevation — Illustr 
u  u      Side  Elevation— Illustration 
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Car  Service  Record  of  Amounts  Charged,  Collected  and  Re- 
funded for VI,  219,  320 

"         "         Superintendent  of VI,    67 

*"  Sheep— Victorian — lllitalratian I,  193 

"    Shop,  Passenger I,  974 

"    Signal  Valve— Illustration,  Plate  II 1,116-117 

"   Sleeping— American .1,  200 

"*  *  and  High  Class  Passenger — American  standard 

— Illustration I,  323 

"         "         —Austrian  Compartment— Illustrat ion I,  226 

— "Pioneer"  ..1, 194,  197 

"    Standard  American  Gondola— Illustration I,  160 

"   Steam  Shovel— Illustration I,  200 

Framework  vt- Illustration 1,199 

"        Wrecking—  Illustration 1,201 

"   Stock— American  Standard— /f(»«irn<i'J" 1,192 

"    Storage  Battery  on  a I,  439 

"    Suburban  Milk— Ameri^m  Standard— Illustration. ..  .1,  209 

"    N winding  or  Dumping—  Illustration I,  149 

"    TheAccordion 1,204 

"      "    Compartment IV,  122 

"      "    Harmonica I,  204 

"      "   Vestlbuled IV,  119,  120 

"    Track  Inspection— Illustration I,  148 

"    Truck.  American   Siutnlard    Freight— Section  Showing 

Body  and  Truck  Bolsters— Illuslra Hon f,  179 

u    Varsovie-VienneRailroad-/l(uafn(ion 1,157 

"    Velocipede  U:u>d—Ill»"i ration        ..1,149 

"    Vestibule—  American— Illustration I,  221 

— InAnstrl* 1,204 

"  "  ■  Germany 1,204 

"    Wheel,  English— Illustration IV,  21S 

"        "        Number  of  Men  Me  quired  to  Manufacture  It  . .  .1,  133 

*   Wheels T,  178;  IV,  186-223 

— Bow  Tbey  Differ  from  Other  Wheels IV.  19S 

"       "         Inspection  of I,  278 

"       "        Kinds  of IV,  198 

"        Storing 1,273 

"    Wrecking—  Illustration 1,900 

"    Wu rtem berg—  Ilium ration  ...    ..       I,  15S 

"  "  Rail  road  -Must  rattan I,  IDS 

<  ars.    (See  also  "Car"  in  i  "CdidMr") I,  169 

"      Adaptability  In  Construction  Of 1,166,  166 

"  "  of— to  Locomotive*  and  Curves Ill,  114 

1      "  "  "      "Needs I.  201 

"     Afr.Braked I,  343 

"            "              —Hand  Brakes  on-  -Instructions  to  Train- 
men  1,374 

— SettlngOut 1,374 

"     American  Apartment— Capacity  of I,  199 
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Cars,  Appliances  for  Renewing  or  Rebuilding I,  237 

"      Apportionment  of— to  ttie.  Different  ( 'lasses  of  Travel,  I,  203 
"    Wear  uiiil  Tear  of VII,  609 

-  —Average  Number  Per  Train 1, 1B6 

"     Baggage r,  183,  198 

"      Belgian I,  171 

"      Bogie— In  Germany I,  171 

"      Box I,  121 

"      Bnil.lcrsof I,  124 

"      Boi-iu  England I,  172,  173 

"     Oapacttyol 1,164,165 

l.\u«-:m.l   ll:.ii,r.cioij. ■.:<>! 1,2:10,  237,  2*3,   2S-I 

"    of I,  231,  268-271 

"     Carrying  Capacity  of— in  Europe VI,  51,    62 

"       "  the  United  States VI,  51,    52 

"      Chair V,  221 

"     Cteaping 1, 268;  IV,  434 

"      Coal I,  111 

"      Coke I,  121 

"      Comparison  of  Ami-rii-un  ;md  European V, 27-29 

"      Com  part  merit 1,201,  203;  V,  38,    29 

-  Coupling 1,120 

_l,y  Chains. .. 1,  204 

"      Cut  Out— Instruction*  to  Trainmen ...I,  372,  373 

"      Delays  in  CiiIoatling-^How  I*s»ned VI,  67,  58 

"        demand   tor I,  138 

"      lt.-nulni.-nt.cr IV.    60 


u 

u 
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Cars,  First  Class— English I,  170 

44     Fitness  of I,  233 

14     Flat I,  121 

u     Foreign VI,    54 

44  u        —Rules  Governing  the  Use  of VI,  65,    66 

Freight 1, 121, 156;  III,  406 

**        — Brake  Hangers  on I,  379 

44        —Carrying  Capacity  of VI,  49,    50 

44        —Daily  Performance  of VI,    63 

44        —Disabled  En  Route VI,  106 

44        —Effective  Use  of VI,  5-26,  42,    49 

—English 1,172;  III,  147 

—Hand  Brake  on I,  378 

44        — Improvident  Use  of,  in  America. '. . . .  .VI,  55,    56 

44         —Inspection  of VI,  100 

— Kindsof 1,207;  VI,    49 

—Loading VI,  97-100 

—Overloading VI,  98,    99 

44        —Private— Charges  for  Use  of VI,  169 

44         —Receipting  for VI,  104 

44        —Repair  Shed  for— End  Elevation— Illustra- 
tion  I,  258 

«                 «                        —Longitudinal  —  Illustra- 
tion  I,  255 

44         —Repairs  to VI,  106 

—Return  of,  to  Owners VI,  101 

—Transferring VI,  222,  223 

—Unloading VI,    97 

44         u        —Weighing VI,  222,  223 

44     Half  Box I,  207 

44     Heating IV,  146-1 65 

*  *        — bySteam J,  269 

44  "        —in  Early  Days Ill,  120 

44     High  Class  Passenger — in  America 1, 181,  182 

44     Higher  Forms  of 1,119 

44     Idleness  of IV,    58 

44     Increased  Strength  of IV,  120,  121 

44     Inspection  of II,  47,  242;  IV,  60, 61,  434;  VI,  12,    13 

44     Interchange  of 1V,69,60;VI,    63 

44     Interior  Accommodations  of V,    28 

44      Iron 1, 167.  158 

44     Joint  Use  of X,  119 

44     Knocking  Together  in  Coupling I,  376 

44     Lighting 1,204;  IV,  166-185;  V,  36,    37 

^         — Costof IV,184,  185 

—in  Early  Days Ill,  120 

44        — Systemsof IV,  171 

44     Liverpool  &  Manchester  Railway I,  171 

44      Loading— by  Gravity I,  246 

ik     Locking II,  242 


u 
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Cars,  Machinery  for  Constructing  and  R<?i>alrlog I,  111 

"      Mall .. 1,183 

'■I  .,:!.'..    i.   .  of I.    130 

•      Mam.fau-turereof Itll«,  141 

"      Mettm.l  n(  I li-at lug-in  Kngland I.  173 

"      Military I,  324 

"     Motor-Air  Rrakes  for. 1,486 

"      ■:'■.■  i ng I,  488 

-    -Uj-htitig 


Number  of  Brakes  I'sed  on 1,313,  314 

r>rrnn:iiik*J(;ii!roai1a I,  323.  334 

t)|iir  ilf.l  liy  a  generator I,  458 

Deration  .if— in  I  he  Direct  ledllng  System 1,431-434 

tii-Hi.i/aiir.n  (or  I  tie  (are  of I,  370 

Mt..r1..:,.liiiK 1,306;  VI. 33.    24 

i>»r,rr» of- iutlic  United  States II,    46 

[•alace I.  183 

Sio«-k— i  liarges  for  I'se  of VI,  168 

l».irlor 1,174;  V,312,  221 

lib-ranger 1, 168,  269 

— iJeitiratlons  of,  in  America I,  147 

— Krgllsh Ill,  147 

FtrM  Design  of 1.  174 
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Can,  Searching IV,  400,  436 

*  Second  Class— in  England I,  170 

u  Securing  Piping  to I,  379 

44  Signal  Pipes  on I,  362 

44  Sills  of I,  179 

44  Sleeping 1,188-194;  V,  221 

44  »        —in  England I,  201 

44  u        —Rules  Governing  Use  of V,  212 

44  Special— Charges  for VI,  124 

44  Stable  Stock— Charges  for  U«e  of VI,  159 

44  Standard  American  Flat— Illustration I,  153 

44  Steel I,  157 

44  8treet— Current  Taken  by I,  401 

44  Superintendent  of I,  233, 270, 271,  277 

44  Switching IV,  94-96 

44  *         —in  Great  Britain I,  173 

**  Telescoping  of I,  179 

44  —Their  Development  and  Uses VI,    49 

44  Third  Class— In  England I,  170 

•*  'Pool • I  379 

44  Uniformity'ln  Construction  of  . .  7.7. .'.".". ."."."."."  VI,'    60 

44  Upholstery  of — Number  of  Men  Required  to  Manu- 
facture   I,  133 

44     Use  of— as  Stores I,  168 

m       u     u     *  Temporary  Warehouses VI,  54,    56 

44       M    u  Brake  on I,  297 

44       M     *  Iron  and  Steel  in  Building I,  157 

44        tt     u  Wood  in  Constructing I,  158 

44     Used  Jointly  by  Railroads VI,  49, 63-68 

44     Utilization  of IV,    68 

44     Various  Patterns  of I,  159 

44     Ventilation  of V,  33-36 

44     Wrecking ,.I,  378 

Carbon  Sheets,  Use  of VI,  89, 90,  120,  202 

Carbureted  Air,  Use  of— for  Lighting  Cars IV,  175 

Gas,  Use  of —for  Lighting  Cars IV,  173 

Carbureter— Illua  tra  Hon IV,  175 

44  Description  of IV,  175 

Carbureters,  Gasoline — Use  of,  for  Lighting  Cars IV,  183 

Carcasses,  Charges  Collected  for VII, 414, 421,  422;  IX,  426 

Card,  James  T Ill,  364,  365 

CardTickets V,  9i>-95 

*  tt        English V,  238 

44         tt       Excursion V,    95 

44         tt        Local— Auditing X,124,  125 

14  tt        Originof V    92 

44  *        RoundTrip V,  94,    95 

Cards,  Excess  Baggage.    (See  tt Way  Bills.") 

44      Postal— Accounting  for X,  287,  288 

Care  of  Cars  and  Locomotives I,  230-232,  286 


'*  PhltforUl  KOOl — lliu&iruuvit,  x  iuu.   *- 

u  u      End— Illustration,  Plate  II... 

Strap  Bolt—  Illustration,  Plate  III 

Tie  Rod— Illustration,  Plate  III 

Upper  Deck— Illustration.  Plate  II 

Vestibule  End— Illustration,  Plate  II 

Carlines — Illustration,  Plate  II. 

Carlisle's  Wrought- Iron  Bail,  A.  D.  1811— Illustration 

Carpenter,  A.  V.  H 

Carpenters,  Master 

Carpets,  Cleaning 

"       Renovating 

Carriage.    (See  also  transportation.") 

"         Among  the  Chaldeans. 

Builder,  The  First 

"         Culmination  of 

44         Development  of 

44         Effect  of  Environment  on n 

**  u      u   fcne  introduction  of  Steam  Upon. 

44         Electrical  Apparatus  Relating  to 

44         First  Mention  of 

44        Idea  of — Its  Conception 

Land 

44  *    — Dangers  of 

44    — Originof 

Manufacture  of  Rude  Appliances  of 

Origin  of  Ancient  Forms  of 

44         Portrayal  of  Primitive  Forms  of , 

Primitive — Among  the  Egyptians 

44         — Comparison  of  Past  and  Presen 

—Evolution  of 

«         —Methods  of 

"         T?onwQxr — Dpvelonment  of 


u 


u 
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Carriages,  Third  Class,  in  England I,  170 

Use  of,  by  the  Ancient* XI,  105 

Carrier,  Brake  Beam  Adjusting  Hanger— Illustration,  Plate 

II 1,116-117 

44  tt       Hanger— Illustration,  Plate  II 1, 116-117 

44        Common— Duties  of V,  366 

tt  *       —Meaning  of  the  Term VI,  6-7 

"  *       — theFirst XI,    83 

44        Hodge— Illustration,  Plate  II. 1, 116-117 

*        theFirst XI,  47,  101 

u       the  Horse  as  a  Favorite XI,    85 

Carriers.    (See  also  u  Railways.") 

Arts  of XI,    98 

u         Dutiesof 11,242;  VI,  116 

44         Ethics  of  Their  Trade VIII,    19 

44         Exemptionsof VI,  283-293 

Individual 11,41,    42 

44         Liabilltyof II,  242;  V,    14 

**         Losses  Incurred  by VI,    19 

44         Methods  of  Defrauding VI,  22,    23 

44         Oppression  of  the  Public  by II,  48,    49 

44         Prehistoric XI,      9 

44         Primitive— the  Carthaginians XI,  137 

44         Private— Use  of  Railroads  bv II,    47 

44         Profits  of— Upon  What  Dependent IV,    57 

44         Responsibilities  of V,  307-314;  VI,  288-293 

44         Responsibility  of— for  Baggage V,    61 

44         Signals  of IV,  244 

Cart 1,293;  XI,    67 

44     Introduction  of XI,    61 

Use  of — as  a  House XI,    95 

44     Uses  of— in  Ancient  Times XI,    96 

Carts,  Primitive— of  Mesopotamia. I,  132 

44      Railway— The  First Ill,  110 

44      Rude— of  Primitive  Ages. I,  293 

Cartage,  Charges  for VI,  9,    10 

Carthage,  Carriage  in XI,  137 

Carrying  Tradeof XI,  146 

44         Circulating  Mediumof XI,  146 

44         Destruction  of XI,  98,  147 

44         Government  of XI,  142,  144 

44         Power  of XI,  147 

44         Revenueof XI,  146 

Carthaginians XI ,  137-141 ,  143 

^  Voyages  of XI,  146 

Case,  Check  Valve— Illustration,  Plate  II. 1, 116-117 

44      Headlight—  Illustration,  Plate  I. I,  68-59 

44     Pump  Valve— Illustration,  Plate  I I,  58-59 

44     Raising  Transformer— Illustrat ion . . I,  423 

Cases,  Ticket IX,  190,  191 

96  vol  19 
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Cases,  Ticket— English V,  240 

"      — Rules  Governing  Use  of V,  138,  129 

Cash.    (See  also  "Money.'") X 

"      Across  to IX.340,  341 

"  "         "  —at  Stations IX,  183 

"     andAocounte,  Concentration  of 11,286,  286 

"     Balancing IX,  230, 231, 407-tn 

"     Book II,  273 

"       Agents" IX,  330-332 

"        "  "       umlConrlinitora'— at  Hcntiquarters,X,138, 139 

—  Auditing,   by    Traveling   Auditor..., 

IX,  285,  286 

"      Auditor!  Accounts X.140,  141 

"       Entries  in IX,  141, 142, 144,  332 

"      Falsifying IX,  144 

"      General X,  60-62,  139-141 

"      Station— Balancing VI,  206 

"        En triea  in VI,  205 

"      Care  of IX,  133-135,167, 242-246 

"     Collections  of— Account  Various  Persons VII,  417 

"      Counting IX,  331 

"      -        "        —by  Traveling  Auditors IX,  285,  341 

"      Differences IX,  349-351 

"      Disbursements X,  92-94 

"      Drawers IX,  190,191,287,  337,  338,  341 

"      l"aro  Collections V,  192,  194 
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Cuke,  Handling VI,    98 

Caspian  Sea I,  103 

Casting,  Base- JlrWrad'on,  Plate  II 1,116-117 

*        Body— IlliiMrutiim,  Plato  II 1, 116-117 

"        Roof—  J"  astral  ion,  1'talt  II 1,116-117 

"        Staple—  Swing  Hanger— ntutttration. Plate  II..  1,118-117 

Truck  Center— tUtStraMtm,  Plate  I 1,68-69 

Castings,  Brass.     (See  also  "Brasses."; VII,  136 

Dome— Illustration I,    98 

Draw  Bar  Check— Illustration,  Phile  III 1, 170-171 

Driving  \V  heel —Niu«  fro  don I,    67 

Storage  of I,  963 

Ctst-Iron  Car  Wheel  with  Steel  Tire— lihutra Hon IV,  309 

Use  of— for  Car  Wheels IV,  316,  916 

"         Wheels IV,  206 

Cart-Steel  Wheels IV,  198 

Catch,  DoorlioMer—  Illustration,  Plait  II 1, 116-117 

"        Spring— Illustration,  I'ia tell 1, 116-117 

Catches  for  Doors I,  943 

Cattle  Car,  Peloponnesus  Railroad— 7^  narration I,  190 

"       Guard,  American— Illustration Ill,  342 

"       Guards  111,231,266 

"  -      -Cost  of  Maintenance  of Ill,  302 

"      Tracks,  Use  of— for  Passengers I,  169 

Cavanaugh,  J.  A VI,    67 

Cedar  Ties Ill,  360 

Ceiling— Illustration,  Plait.  II 1,116-117 

"       Deafening—  illustration,  J'lttt?  II I,  116-117 

Lower  Dook— Illustration,  Plate  II 1, 116-117 

Cement I,  278 

Uto  of— by  Hallways VII,  218 

Centaur XI,    S4 

Centennial  Exposition,  l.o.-omntiio  inhibited  at— The  First 

Passenger  Mogul,  1S7G — Illustration I,     46 

Center  Bearing  Ar<-u  Bar—  Illwtra!  1 t-n,  Plate  II I,  116-117 

»— »     m       ■      Boiiv— tOtUiration,  PUIe  11,1,  116-117 

Beam—  Ulastra lion,  Plate  II 1, 116-117 

"       ■pUxet—lllMt ration.  Plat,*.  II, ., .1,  116-117 
«       Strip-Illustration,  Plate  It 1, 116-117 

*  "  Inverted    Arch  Bar — Illustration    Plate  II.. 

1.116-117 

"  *        Pillar,  BrnlvTriimoni— III- "trot /<>,<,  Plate  II, 

1,116-117 

«  "        Stool—  ffitMtratfoit,  Plate  II 1, 116-117 

Bound  Traok 111,217 

Brake  Balance  Spring—  Illustrat ion,  Plate  II.  .1, 116-117 

*  »  "  «         Rod— Illustration,  Plate  II, . . 

1,116-117 

"  "        Beam— niuefrod'on,  Plate  II 1, 116-117 

*  "  "      Fulcrum— iHua/rorion,  Plate  JJ. . .  1, 116-117 
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r  Br;ike  Hanger— nhtnl  ration.  Plait  II 1. 116-1 17 

"       Release  Spring— Illustration,  Plate  II.. A,  110-117 
"      Safety  Banker—  f»u«'rn<i»n,  Plate  //    .1.116-117 

•■       Slioe— Illustration.  Plate  ll 1.116-117 

"      Jlwisom— IlliteJ*nMoii,  Plate  II 1.116-117 

aistiii"  Track  — ItluitratifB,  Plate  1 I.  58-59 

rn<^TU— I!l,^lmfk,„,  Pl.tit  III 1,170-171 

Rllii.ir.  Holy  \\o\ster—[U«»t-i<i;«.  PU.it   III..  I,  170-171 

Nniiin-  >ni|i    .  Illustration.  Mate  III 1,170-171 

PlB— Illustration,  Plate  II 1,116-117 

"    Truck— Ulimtralian I,    66 

Plat.,'  Block— Illustration.  Plate  II 1,110-117 

"       n    i        ni,.*<r„,inn*    i  Piatt.  II 1.116-117 

Body— IHu*h  «*«,  j  Plata  Ul j  170.17i 

"      Tiuek— JUvatration,  Plate  11 1, 116-117 

"        Holster— Illustration.  Plate  111  ...1,170-171 

Plate? I,  214 

Slem— Ilbutiration,  PUtte  II  1. 116-117 

"     Follower—  Illustration.  Plate.  II 1.  116-117 

"      Inner  CaUXu— Illustration,  Plate  I! 1,  116-117 

"     Pin— maxiralio*,  Plate  II 1,116-117 

■'     Sprin  ^llluslration.  Plate  II 1.116-117 

SusppiiMun  \.s.m\>-Ulu»lration,  Mute  11 1,  116-117 

ro,  Driving  Wheel— Illustra linn,  Plate  I I,  58-59 

il  Aint/rii'u — li-J   Primitive  A»n  intioiiH  inn)   Mesne  of 

Qwrlajre XI,  407-117 

—  Primitive  farriHge  In-- Illustration*, . 
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Chafing  Plate,  Spring  Beam— Illustration,  Plate  II I,  116-117 

44     Transom— Illustrat ion,  Plate  II. I,  110-117 

a  a     Truck  Bolster— Illustration,  Plate  II.. .  .1,  110-117 

u         Strip,  Side  Door— Illustration.  Plate  III 1, 170-171 

44         Strips,  End  Door— Illustration,  Plate  III 1, 170-1 71 

Chain  Brake I,  292, 298,  306 

44     Hand I,  297 

44      Check— Illustration,  Plate II ...   1, 116-117 

44       Face  Plate  Retaining— Illustration.  Plate  II 1. 116-117 

44       Hand  Brake— Ulust ration.  Plate  III 1, 170-171 

u      Pin  Lifter— Illustration,  Plate  III 1, 170-171 

44      Platform  Railing— Illustration,  Plate  II 1, 116-117 

44      Pulley,  Berth— Illustration,  Plate  II J,  116-117 

44       Safety  Coupling— Illustration,  Plate  II 1, 116-117 

44       8baft,  Brake— Illustration,  Plate  II 1, 1 16-117 

44       Sheave— Illustration,  Plate  II 1, 116-117 

44  *       Bracket— Illustration,  Plate  II 1, 116-117 

tt      Spring— Berth— Illustration,  Plate  II 1, 116-1 17 

Chains,  Coupling  Cars  by I,  204 

Chair  Cars V,  221 

44      Rail— Invention  of Ill,  177 

44         u  —the  First,  New-Castle-on-Tyne,  A.  D.  1797— Illus- 
tration  Ill,  177 

.Chairs,  Rail Ill,  332,  341 

44   — Useof 111,374 

44       Reclining—  American— Illustration I,  218 

Chairman  of  tbe  Board II,  131, 138,  143 

Chaldeans,  Building  Among XI.    81 

44  Carriage  Among XI,    75 

Homeofthe XI,    79 

Change,  Indisposition  to— Danger  of X.  46,    47 

Changes  in  Railway  Force II,    67 

44  **  the  Railway  Service,  Due  to  the  Introduction  of 

Electricity I,  392 

Channel  Carrying  Exhaust  Steam  from  Cylinder  to  Smoke- 
stack— Illustration I,    65 

14        Live  Steam— Illustration I,    65 

Characteristics,  General — of  the  Alternating  Current  System 

1,441-443 

ofMen II,    17 

44   Railway  Service 11.63,    64 

Charges,  Advanced— Verifying IX,  91,    92 

*         Baggage — Interline  Excess V,  509 

44  v        —Local  Excess V,  508   509 

Storage V,  609.  610 

—Unpaid V,  509 

Car  Service VI,  219.  220 

Demurrage VI,  49.  58-63 

44         Excess  Baggage— Collection  of V,  462-477 

14         Express— Collection  of V,  523 
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Charges,  Fixed  -Meaning  of  the  Term III.  __. 

(or  Cartage VI.  9,    10 

-    Transit-mug  «..'arg VI,  322,  223 

"  "    Weighing  Cars VI,  222.  323 

Freight VI,  105 

— Accruing  en  Routo VI,  313-215 

"  —Accumulation  of  Unpaid IX,    75 

—Advanced VI,  113,  12ft,  IBS;  IS,  320-323 

"  "  "  — Rules  Governing VI,  180 

—Collection  of IX.  (16-74,  290,  308-316 

"  "         — Eiten.Ung  "relit  for IX,  86-74 

—for  Special  Cars VI,  124 

"  —  G uaran teeing VI,  95,     96 

—Interline,  Prepaid VI,  156;  IX.  126 

— Rules  Governing  ...VI,  161,  163 

—Miscellaneous VI,  168,215-217 

—Prepaid VI,  156,  314 

— Recslpttor VI,  317,  218 

»  "  —  Unpaid VI.  158,  214 

— not  Sper-iu><l  on  Way  Bills VI,  316-217 

"    Waybilled VI,  214 

"  "         —  Payment  oC VI,  209 

—Prepaid VI,  113, 126,  152-157;  IX,  315 

— Prepayment  of.. VI,  96;  IS,  I20-129 

—Receipt  for VI,  197-310 

—Receipts Given  sulpiiorsior IX,  "_ 

— Uncollectible IX,  132. 
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Chariot,  Use  of— In  Battle XT,  lift 

-  *  *  —in  Primitive  Times. XI,  104 

Chariots I,  293 

Bronze XI,  103,  108 

"  Egyptian XI,  110,  111 

of  Antiquity XI,  103 

Refereiu-e  to— by  Homer XI,  103 

"         War— Wheels  of IV,190-183 

Charles  I  XI,  106 

Charleston  &  Hamburgh  Rail  road.  Train  of— Illustration ,  .1,    33 

Charl  ton ,  J  lines V,    80 

Chart,  Ticket— Interline V.136-I38 

"       Time  IV.  71-70 

"  *    Table— Form  of IV,  605 

Charts II,  213 

Charter,  Cost  of Ill,  166 

Procurement  of Ill,  166 

Charters,  Drawing II,  239 

Grant  of VIII.  170 

Check,  Bank— Invention  of XI,  128 

"        Chain- ■llliiHlnition,  I'tal.i  H 1,116-117 

*■  "       I  ■billing  Pliilc—  IllHHlrtttion.  Plate  II 1,116-117 

u      Eve  Bolt- "'"■•<<<"""". '''"<«■" 1,116-117 

"  "       Hook— Illustration,  Plate  11 1, 116-117 

-  •      Loop—  Illustration,  Plate  II 1, 116-117 

■      Metal I,  266 

"      Room 1,266 

*      Screws  for  Cluster— 17 '»" '' " "'<"',  Plate  II 1, 116-117 

-Check"  S-.,n-i,M.[  K.  ■;;  ■  /l'ime I,  2GB.  MS;  VII,  361-363 

Check  \-li[\,:-Ilil,>.:n:rl,.ll,.PlateI 1,68-69,60,70,344 

-    a         Tii  rf— a»  .  i  Plate  1 1,66—60 

Case-/""*'™''""*,  }  plllU  ir 1,116-117 

"     In  Air  Pipe— Illustration,  Plate  II 1, 116-117 

"  "    Spfllrjr    ntanlraMfi* ^ I,  344 

Checks,  Accepted  by  Agents IX,  346,  346 

Baggage.     (Seo  also  "Wo v  Bills.") V,B3,    64 

"       —Access  to V,  433 

— Careof V,  436-139 

—Coat  of V.  378 

—Exchange  of V,  333 

—Lost V,  330, 331,  410,  441,  603,  604 

—Merits  of  Metal V,  376 

—  Mismatching V,  331-333 

—Objections  to  Metal V,  372-375, 377,  378 

"  "       —Reversible V,    66 

—Shell V,66,    66 

-  «       —"Shell"  Strap V,  490 

— Useof V,380-383 

Indorsements  on IX,  344-346 

"       Mileage  Exchange V,  111 
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MM 
8,  Money— Accepting  -  X,  961 

-  — Unroof X,  271 

-  _ drawing VII,  445 

"      — Efftvt  iif  Pay 'IK  Wigga  in. X.  190 

"     —  Forgery  of X,  188 

"     —Indorsing. v 1 1. 4 n,  445 

"     —  leaning X,  387,  268 

"      — l-ost VII.  440;  X,  98,  368 

"      —  Payment  of  Wages  by X,  138-315, 235-253 

"     —Spoiled - X,  968 

—Stolen  .   X,  968 

-  -Writing  on IX.  433 

Pay-' 'ashing X.  188,  l!i4,303.  303 

*   —  Cost  of  IV.vmi-tittjy  X,  212.  316 

■  —Delivery X,  MO,  244 

"   —  DillVri-n.-t-  In X.  308 

-   -lt.-tril.nr Ion  of X,  208,312,  213.244-247 

"  — funds  lur  i 'tubing X.2l-*-2iJ0 

"  — l-wuliig X.  238-344 

"   —  Ku  lectio  vernlng.  ., X,  333-263 

"  —  I'ncaileu"  for X.  351 

RerpivHs. IX,  183 

Slop-o»ef V,213-21<>;  X.127,  128 

Time Vll.  :tfl-3u3 

s  Currency. X,  211-215 

Baggage V ,  438-439 
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Children,  Property  Rights  of XI,    14 

Value  of XI,    17 

tt         Recognition  of XI,  26 

Chilled  Iron— Illustration IV,  202 

rt         **    Wheel,  for  Passenger  Cars— Illustration IV,  201 

u      Wheels 1,302;  IV,  188 

44  u     —Manufacture  of IV,  200-207 

tt  *     — Patternsof IV,  207 

Chilling,  Process  of ." IV,  201,  202 

Chime  Whistles— Illustration,  Plate  1 1, 68-69 

Chimney,  Side  Lamp— Illustration,  Plate  II 1, 116-117 

44         Ventilating— Illustration,  Plate  II. 1, 116-117 

Chimneys,  Destruction  of— How  Overcome I,    53 

China XI,  16-69 

*  Carriage  of V,  619 

*  — I  to  Primitive  Associations  and  Means  of  Carriage. . . 

vf  264—272 
44      —  Primitive  Carriage* in— illustrations. \ '. '. " ". ". ". XI,  254-272 

tt      Railway  Locomotive — Illustration I,  121 

Chinese  Vehicles,  Wheels  of I V,  191 

Chios..  XI,  106 

Christ,  Teachings  of. XI,  20,    41 

Christianity,  First  Teachings  of XI,    70 

Chronicle,  The  Baltimore 1, 190,  195 

Chronometers,  Use  of— by  Railways VII,  209 

Churchward,  James ". Ill,  328,  332, 334,  338 

Chute,  Cinder— Illustration,  Plate  1 1, 58-59 

44      Coal I,  108 

Cinder  Ballast Ill,  221,  222 

44       Chute— Illustration,  Plate  I I,  58-59 

44  u      Slide— Illustration,  Plate  1 1,  58-69 

u       Gondola — Illustration. I,    60 

Cinders I,    96 

44        Handling — at  Roundhouse 1,260 

u       — How  Kept  from  the  Steam  Chest  and  Cylinders. I,    95 

44       In  the  Air  Brake I,  369 

u       Removal  of I,  216 

Circuit  Breaker I,  460,  461 

rt        Current  in  a— How  Found I,  402 

44       for  the  Flow  of  Electrical  Current I,  397 

Resistance  of 1, 415,416,  432, 433, 475,  476 

44        Street  Railway— Electro-Motive  Force  on I,  401 

44        Transmission I,  396,  449 

Circuits,  Employed  in  the  Control  and  Operation  of  a  Block 

System— Illustration IV,  285 

44         High  Tension I,  452 

44         Losses  in I,  416-419 

Circulars IX,  41,    42 

Circulating  Drum— Illustration,  Plate  II. 1, 116-117 

Pipe,  Hot  Water—  Illustration,  Plate  //..,. 1, 116-117 
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C\ rculating Pipe, Steam—  Ittualration,  Plate  II. 1, 116-117 

OlroalaHon  of  Heated  Air I,  961 

Circumferential  Seam— Illustration,  Plate  1 1, 68-68 

CJrcna  Trains,  Waybilling VI,  138 

Lilies,  Vouchers  in  Favor  of VII,  435 

City  &  South  London  Railway— Use  of  Electricity  on I,  SOS 

Civil  Engineer 11,175,176,198;  III,  131-133.  311,  313 

"  "  Characteristics  of II,  210, 211,  213 

"  "  Functions  of II,  211 

*     Engineers.  Requisition!  of VII,    72 

"      Liberty— How  Maintained XI,     45 

"      Service  of  Railways II,  143,  153,  204 

Civilization II,    86 

Complex I,  136 

"  Organized ,, I,  136 

"  Relation  of  Property  to XI,     9 

—To  What  Due... II,    34 

Claim  Agent II.  224,  234-236;  V,  319;  VI,  287 

Bureau 11,138,  245 

"'      Department  Scope  of VI,    18 

Claims VI,  18-39 

Adjustment  of VI, 283-295 

" —in  England VI,    21 

Against  the  Government VI,  276-278 

"        Agents"— for  Relief VI,  295,  296; 

ix,  i-»i-i3i.  »f.y,  acii-J'i'j.  3i:9-374 

gage V,337.  339,  340 
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Classification  of  Labor VII,  379-382 

u  Operating  Expenses VII,  472-499 

*  "        Valueof X,  142-147 

44  **  Passenger  Traffic,  English V,  244 

44  u  Railway  Officers  and  Employes II,  806 

44  tt  Trains IV,  353, 353 

u  Purpose  of VI,    26 

44  Railway VII,  463-471 

44  Table,  the .VI,    26 

tt  The  Western VI,  444 

44  Uniform— Its  Effect  on  Commercial  Interests 

VI,    34 

14  *    Impracticability VI,  36-37 

44  Uniformity  in VI,  26, 30-37 

Classifications VIII,    63 

44  for  Different  Sections  of  the  United  States, VI,    34 

44  Relation  of  Discrimination  to VIII,    66 

44  Study  of— by  Agents IX,    67 

Clean  Valves — Instructions  to  Engineers I,  366 

Cleaners I,  270 

Cleaning  Brake  Cylinders I,  329 

14         Cars I,  269 

44        Cylinders  and  Triple  Valves — Instructions  to  Car 

Inspectors I,  331,  332 

41         Door— Illustration,  Plate  I I,  68-69 

Freight  in  Transit VI,  267 

Triple  Valves I,  329 

Cleanliness II,    21 

Necessityof IV,68,    69 

41  of  Paint  and  Oil  Stock  Rooms I,  274 

Clear  Story— Illustration,  Plate  II. 1, 116-117 

Clearance  Posts Ill,  238 

Clearing  a  Train— Meaning  of  Term IV,  317 

"Clearingand  Grubbing." VII,  460 

Clearing  House  Half  Yearly  Parcel  Settlement V,  269,  270 

u       Passenger  Credit  Statement,  English .  .V,  262-266 

44  *  M         Debit  Statement,  English V,  261 

44  u       Station  Debit  Returns,  English V,  267-269 

"Clearing  Wrecks." VII,  491,  622 

Clearness,  Necessity  of— in  Accounting IX,  297-306 

Clerical  Force,  Skill  of 111,468,  469 

Work , II,  282 

u     Cost  of II,  288 

Clerks,  Bill VI,  133 

44       Billing— Duties  of IX,  49,    60 

44       English IV,  447-460 

41       Tally,  Duties  of IX,    60 

44       Time X,    67 

41       Value  of II,  282 

Clevis,  Pin  Lifter— Illustration,  Plate  III. 1, 170-171 
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Climate.  Effect  of— on  Bridges III.  394,  295 

"       "    Property 111,477-178 

"      *   Rails Ill,  272-377 

1'iea Ill,  -282 

"      -   Trftck .111,287,288 

"         Influence  of —on  t  oft  of  Maintenance Ill,  383,  301 

Clinker  Pit 1,348 

Cloak  Booms,  Eoglish V,  249,  350 

Clock  Svstem  .>r  Timekeeping I,  386 

Clocks,  Rules  Governing IV,  335-338 

Closed  (  Hasp,  Side  Door— Illustration,  PWt  III 1, 170-171 

'       Conduit  System 1,480 

"      Stop,  End  06OT— niuatratto*,  Plata  III 1,170-171 

"  "     Side  Door— Illustration,  Plate  III  I,  170-171 

"       Switch,  Meaning  of  Term IV,  312 

Cloth.  Emory— UsO  of.  by  Hallways VII,  212 

Clothing,  Origin  of  the  Use  of XI,    63 

Clothe,  Furnishers  of 1, 182 

Cluh-thfi  First  Weapon XI.    62 

Cluster— Illutstratian,  Plate  II I,  110-117 

Checks  Screws  [or-JHwaBwMow,  Plata  77. I,  no-117 

Stem— muttratlon,  Piatt  II  1,110-117 

Lock  KuXr-BbHttratton,  Plate  II I,  116-117 

Coach,  American  Korm  of 1,203 

"  "  "       "   — How  Looked  Upon  by  English 

People I.  184 


GENERAL  INDEX.  88 

Coal,  Consumption  of — by  Locomotives 1. 71,    72 

44     Cost  of VII,  175 

44     Deterioration  of VII,  327 

44     Differences  in  Quality  of 1 ....  VII,  170 

44     Effectof— on  FireBoxes VII,  171 

44     Experiments  Regarding  the  Use  of I,    64 

44      Heat  Produced  by  Burning I,  403 

44      Heating  Capacity  of VII,  162 

44     House   1,246 

44     Invoices  of VII,  328 

44     Moisture  in .VII,  164 

44     Oil,  Handling VI.  98,    99 

44     Receiving .VII  329 

Coat  Hook—  Illustration,  Plate  II .!.....  1, 1 16- 1 17 

Cock,  Angle I ,  326,  372, 373, 376,  377 

tt  u     —Illustrations,  Plate  II 1, 116-117, 320, 321,  372 

44      Bleed I   320 

44      Bleeding— Illustration.  Plate  //."."  .......... ...  .1, 116-1 17 

44      Blower— Illustration,  Plate  I . .  .1,  58-59 

44      Burner— Illustration,  Plate  II 1, 116-117 

44      Cut  Out 1,336,  638 

«         «      *    —Illustration,  Plate  III •. 1,170-171 

♦*         "      "    —Brake— Illustration,  Plate  II 1. 116-117 

44        tt     u   —in  Air  Pipe  Under  Engineer's  Valve— Illus- 
tration  T,  639 

«         »      u        u  Branch  Pipe— Illustrations T,  640,  641 

44        *     tt   —Signal  Branch  Pipe—  Illustration,  Plate  II 

1,116-117 

44      Cylinder  Relief— Illustrations I,  113 

44      Drip— Illustration,  Plate  I I,  68-59 

44      Four- Way I,  320 

44      Hose 1,363 

44      Hot  and  Cold  Water— Illustration,  Plate  II 1, 116-117 

44      Lever  Cylinder— Illustration,  Plate  I I,  68-59 

44      Reservoir I.  324 

44      Stem  of  Three-Way— Illustration,  Plate  II 1, 116-117 

44      Stop— Train  Signal— Illustration,  Plate  II 1, 116-117 

44      Straight- Way I,  372 

a  ^  —Plain— Illustrations 1, 322,  372 

a      Three-Way I,  347 

44  "         —Illustrations,  Plate  II I,  116-117,  348 

44      Train  Pipe I,  326 

Cocks 1,830 

44      Air — Instructions  to  Trainmen I,  872 

44      Angle— for  Closing  Train  Pipe — Illustrations  .J,  640,  641 

44      Cylinder I,    94 

•*  u  —Illustration,  Plate  I I,  68-59 

44  "  —Closing IV,  352 

44      Drip I,  315 

44      Gauge I,    8Q 
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OocltB,  Gauge  nr  Water—  maturation*,  Plate  I I,  63-69,    64 

"      iu  Train  Pi  [tee 1,331.333.334 

Coil,  Exiwsi.lih^  tiisueraiiir  ■  Illustration,  Plate  II 1, 116-117 

Coils 1,407,  408 

"      Armature 1,47a,  473 

"  "  for  linilway  Motor—  Illustration. .. .    I,  ill 

**      Initiation  of .1,  467 

Coin,  Remitting. EX,  417 

"      Trail  n»>  nation  i>t V,  619 

Coins,  Mutilated IX,  327 

"      BetriviiiB IX,  337 

Coinage Ill,    10 

Free Ill,    11 

Coke,  Acvoiiiitlng  for   VII,  315 

"      Cars 1,121 

Cold  Water  Pip*-ltlu*tratU>*,  Plate  II 1.  116-117 

"  to  Bowl— Illustration,  Plate  II 1,116-117 

Colcbrookilale Ill,  176 

Collar,  Axle—  Illustration,  Plate  III .],  170-171 

Collateral- HI,    19 

Ciis'iMlvof. II.  186 

Collecting  Agcm-iea,  for  Freight  Charges IX,  71-74 

Collection  of  Freight VI,  B,    10 

•   Railway  Revenue IX,  78-93 

Wtv  Kills  IX,  02,93.  310,  311 

"  — Rules  Governing ..VI,ail-218 

Collections,  Casti  Pare - V.  193-194 
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Color  Blindness— Cause  of , IV,  224 

Prevalence  of— in  Railway  Service IV,    18 

Testing  for IV,  232-239 

Writingson. IV,  228 

Colors,  Meaning  of—  as  Signals  IV,  340,  341 

*      Use  of— for  Signals IV,  263 

Columbia  A  Maryland  Railway— Use  of  Electricity  on.  I,  504,  505 

Columbus  XI,  122 

Column  Bolt— Illustration,  Plate  III 1, 170-171 

Columns I,  214 

Combination  Coupling. I,  374 

tt  Drip  Cock—  Illustration,  Plate  II 1, 116-117 

Combinations,  Causes  of VIII,    64 

Effectof VIII,    61 

Combustion,  Explanation  of IV,  41, 42, 44-48 

44  Maximum  Amount  Per  Hour I,    72 

*  Production  of  Heat  by 1,397 

Rapid I,    71 

"Comet"  Locomotive I,    33 

Commerce,  Conditions  of —In  Ancient  Times XI,    97 

44  Equities  of VI,    52 

.     *  Fluctuations  of 11,243 

44  Natural  Laws  Governing VIII,  21,    22 

Origin  of XI,    72 

44  Relation  of  Special  Rates  to VIII,  129 

44  Requirements  of XI,  144 

Commercial  Agents V,  474 

Travelers,  Baggage  Tickets  for V,  471 

Commission,  Characteristics  of  a  Valuable VIII,  194 

44  Description  of  a  Desirable VIII,  197 

44  Value  of  an  Impartial VIII,  194 

"Commissions" VII,  493,  522 

Commissions,  Payment  of — to  Agents  of  Other  Lines. .  .V,  49,    60 

Ticket V,49,    50 

Commissioners,  Government Ill,    46 

Committee,  Arbitration— English VI,  333 

Committees  of  Directors 11,130,  131 

Commodity  Statement VI,  271 

Common  Carrier—Meaning  of  the  Term VI,  5-7 

TheFlrst XI,83,    88 

*         Carriers,  The  First  Reference  to XI,    83 

Stock Ill,  65-69,    88 

Communal  Period,  Close  of XI,    38 

Communism XI,  24,    34 

Age  of XI,    30 

44  Existenceof XI,    31 

Communistic  Period,The XI.  28,    43 

Community  Effect  of  Over-construction  on VIII,  171 

44  tt      **  Unnecessary  Railroads  on VIIT,  200 

"  Injury  to— by  Unwise  Legislation. .,,,..  .VIII,    22 
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Till,  ITS,  ITS.  888,  292 

Prosperity  of  —  Dejx'iiili'iit  V\mn  KdilnKiils.VIII,    20 
Protection  nf—  \L;:iiii-t  Excessive  Rates. .  .VIII,  101 

Relation  of  I'arrierato V11I,    84 

"   —  toRailroads VIII, 20,  189 

Right*  of II,    IS 

Rules  Governing XI,    29 

on  Tickets V.  93.  99-101 

ir I, +J7, 408,  411,  420,  457,  471 

<  'oustruetion  of I,  421 

Effects  of  Sparking  on I,  473 

Flasuiiijjattlw I.  415 

Segment  of  a  — Showing  Grooves   at  Top  of 
Neck  for  Attaching  Wires  from  Armature 

— Illustration I,  407 

Showing  Segments  to  Which  Armature  Wires 

are  I  'onnecteJ— I  Hunt  rut  inn I,  408 

,  Limited II,  41,    42 

n  of  lost I,  383 

Isous  of  Freight  IJ:itf  h  i  if  I  MtlVrpii  t.  ( ' itries. . .  VI,  37-11 

IVjiili. — in  hi iTi-rum  Countries.  VI,  8-11 

Outlay I,  887 

I,  287 
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Competition,  Processes  of VIII,  146 

tt  Railway V,    30 

Resultof V,    82 

Universality  of VIII,  8,  10,    62 

Wastageof VIII,    34 

Competitive  Business II,  237,  238 

Competitors,  Advertising  Matter  of V,  116 

Advice  to  Officials  of  Movements  of V,  113 

Deviation  from  Rates  by V,  114 

Reporting  Irregular  Practices  of V,  114 

Complications,  Cause  of II,    16 

Compound  Carline — Illustration,  Plate  II I,  116-117 
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"  Locomotives — While  there  are  numerous  refer- 
ences to  the  Compound  Locomotive  in  Vol- 
ume I,  and  also  a  number  of  illustrations, 
yet  the  reader  is  referred  for  a  full  account 
of  the  Compound  Locomotive,  fully  and 
practically  illustrated,  to  Volume  XII. 
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Rail,  yew  York  Central  Railroad— A.  D.  1855— 

Illustrations 111/232.253,  255 

44      Trov   Union   Railroad— A.  D.    1855— lllus. 

trations 111,254,  257 

Wound  Dynamo I,  409 

Two  Field  Windings— Illustra- 
tion  I,  409 

44  "       Generators  .  T   459 

Compressed  Air .1,  244,  262, 269,  274, 305,307',  334 

Brake I,  292,  299 

for  Shop  Purposes I,  384 

Locomotives  Propelled  by I,  223 

Use  of — for  Protecting  Trains   Automat- 
ically  IV,  299-301 

Compression  Beam—  Illustration,  Plate  II 1, 116-117 

44  tt     Brace— Illustration,  Plate  II. 1,116-117 

44    Auxiliary— Illustration,  Plate  II.. .. 

1,116-117 

Members  of  Brake  Beam I,  214 

Compressor,  Air. 1, 244,  485 

44  —The  Sweeney— Illustration I,  383 

Comptroller II,  139,  285 

Concentration  of  Authority I,  284 

44  Responsibility 1,284 
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Concentration  of  Shops I,  883 

Concession! n,  ABO 

—Injudicious II,  110 

Conclusions,  General— Itcgurdiug  Pressure,  Distance,  Coat 

and  Loss  in  Circuit 1,419,  430 

Conducting  Transportation Til,  486-195, 618-638 

Conductor,  The IV,  63-64 

Conductors VI,    18 

"  Account?  of— Auditing V,84,85;  IX,  307 

Appliances  of— for  Collecting  Fares V,  119 

Authority  Over ...n,  199 

Conductors'  Brake  Valves 1,319,  330 

Conductors,  Caen  <  tailed  konsoJ V,  192-184;  IX,  112,  113 

*     Farelleoeipte, IX,83,    84 

Collections  of IX,  419-424 

--Auditing V,    86 

—  Defrauding IX,  214-216 

i (mini;  Car— Kospousiulllty  of VII,  300 

Duties  of. IV, -nil:  V,  ISO.  217;  VII,  367 

"       "_ on  Construction  Trains IV,  373,  376 

Electrical I,  398, 399,  431 ,  433,  436.  439,  460,  462 

—Copper 1,461,462,467 

— <  'oat  of 1, 422, 5:13-637 

"     "  Copper  in I,  420 

—Overheating I,  429 

"  *         —Power  Lost  in I.  461 

"  "        — Pressure  Between I,  437 
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Conductors,  Returns  of  Freight  Hauled VI,  179,  180 

Requiredof. VI,    83 

Rules  Governing V,  112 

Tickets  Collected  by X,    67 

Conductor's  Valve— Illus tration.  Plate  II 1, 116-117 

tt  *      Branch  Pipe  to— Illus tration,  Plate  II.,. 

I,  116-117 

tt  "      for  Applying  Brakes— Illust ration I,  640 

44  tt      —Instructions  to  Trainmen I,  326 

Conductors,  Withholding  Wages  of IX,  389 

Conduits,  water-tight I,  466 

Connecticut  Railroad  Commission Ill,  164 

Connecting  Lines,  Operation  of — Where    the  Gauges   Are 

Different .Ill,  194,  195 

Rod 1,92,  334 

44     Brake  Lever— Illustration,  Plate  III . 1, 170-171 

*  .  tt     Cylinder  Lever— /Juration,  Ptofe  //.1, 116-117 

44     Hand  Brake— Illustration,  Plate  II. .  .1, 116-117 

44  tt     Hodge  Lever— Illustration,  Plate  II.  .1, 116-117 

41  *     Locomotive I,    87 

41  *     Lower  Brake— Illustration,  Plate  II.  .1, 116-117 

44     to  Truck  Gear— Illustration,  Plate  II. 1, 116-117 
44  u     Upper  Brake— Illustration,  Plate  II.  .1, 116-117 

Connection,  Cylinder  Lever  and  Foating  Lever— Illustration   • 

Plate  III 1,170-171 

44  u  *»        u    Hand  Brak-e_ Illustration 

Plate  III 1,170-171 

44           Floating  Lever  and  Live  Truck  Lever— Illustra- 
tion, Plate  III 1, 170-171 

Main  Rod— Illustration,  Plate  I I,  68-69 

Pump — Illustration,  Plate  I I,  58-59 

Exhaust — Illustration,  Plate  I I,  58-59 

Steam— Illustration,  Plate  I I,  58-59 

Connections  Between  Dynamo  and  Feeders  in  Switchboard 

—Illustration I,  461 

44  Mechanical— for  Carrying  Current I,  430 

"Conscience*  Funds IX,  286,  287 

44  Money,  Accounting  for VII,  423 

"Consequent  Pole"  Motor 1, 472,  473 

Consignee,  Authority  of— Over  Freight VI,  116 

Changing  Name  of VI,  116 

Receipt  to— for  Charges VI,  197-210 

Consignees,  Delivery  of  Freight  to IX,  316-318 

Deposits  of— to  Cover  Freight  Charges. . .  IX,  311,  312 

Inquisitiveness  of IX,    95 

Notice  to— of  Arrival  of  Freight .   . .  .VI,  60, 61,  196 

Property  Refused  by IX,  131 

Visiting— by  Traveling  Auditors. IX,  80,  285 

Consignment  Notes VI,  318 

Consolidation,  Effect  of VIII,    61 
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Consolidation.  Kn'i^lit  l.nc-omolive,  Itrooki'  —  lll-iaimlion  .1,  ]38 
or  i    ■  -■     .    I   .  .       in.    New  South 

Wales—  lUHSlration I,  128 

of  l'rnpcrlii-H. .II,    27 

I'roure&R  of VIII,  203,  206 

Constables II,  195 

Constant  IVetitta)  Dynamo    I,  408 

Motors ],  415 

Speed  Motor 1,445 

Constilmiimul  Klfcht.  Questions  o( II,  289 

CoMtructitiK  un.L  If  alutstntng IN,  107-483 

ConBtru.-ti.ii. IH,  109-271 

"Construction"  Account VII,  526 

Construction.  Acuouutl.i(j  for.. VIII.  297.  302 

"  Accounts.  I  laMfii-atiON  of VII.  456-469 

A'.tl.nrllvfor VIII,  ISA 

"  Bem-litit  KolliiftiriK Vlll,  1B2 

Car I,  147 

"  "      Differences  in I,  121 

-  —St  in  lard  iti  i:.-  -  i.f. I,  270 

i  fMISM      VIII,  173 

Ohargano VlI.4,-,4,455 

C i.iti.it- Ill,    30 

Cost  o4 VII.206:VIII,    61 

-      "    ■  U.,w  I.e^fi.e.l 111,152 

*■      -  — I  i-t.ii  Wlml  h.'|icoilcNt Ill,  167 

..111.137.  138 
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Construction  Practices  in  England VIII,  167 

Railway 1, 164 ;  III,  123-136 ;  VII,  453-471 

—Cost  of Ill,    35 

— Eraof Ill,    14 

—in  America 1, 30;  III,  129,  149-153 

44  w        —Influences  Governing Ill,  114,  115 

tt        —Methods  of  Raising  Money  for..  Ill,    30 

—Particulars  of Ill,  130 

—Principles  Governing Ill,  195,  196 

44  *         —Summary  of IV,  142-145 

44        —Upon  What  Dependent Ill,  128 

Relation  of— to  Traffic Ill,  169 

44  Relative  Cost  of— for  Operating  by  Steam  and 

by  Electricity I,  515 

44  Shops,  Location  of I,  122,  123 

44  Specifications  of  Cost  for Ill,  131 

44  Street  Railway— Rails  Used  in . . : I,  462 

"Construction  Supply  Depots" VII,  460 

Construction  Train Ill,  209 

44     — Meaningof  Term IV,  317 

Trainmen Ill,  209 

"Construction  Trains'1 VII,  460.  461 

Construction  Trains,  Rules  Governing IV,  372-375 

44  Uniformity  in Ill,  139 

44  Unnecessary— Losses  Through VIII,  182 

44  Use  of  Stone  in .... , Ill,  129 

44  *     *  Wood  in Ill,  129 

44  —What  it  Embraces VII,  453 

44  Work 11,106-172 

*  tt      Details   of   Accounting  in  Connection 

with VII,  469-471 

44      Preliminary Ill,  130 

Constructive  Expenditures Ill,  418 

Consultation,  Benefits  of — Among  Builders I,  126 

Consulting  Engineer II,  138 

Consumer,  Effect  of  Rates  on VIII,    26 

—Relation  to  Rates VIII,    50 

Consumption,  Effect  of  Rates  on VIII,    80 

Continent.  American — the  First  Locomotive  to  Draw  a  Car 

on— "Tom  Thumb,"  1829—  Illustration I,    27 

Continuous  Basket  Rack— Illuat ration,  Plate  II 1, 116-117 

Brake 1,298 

44  Current— How  Secured 1,407,408 

44  Draft  Rigging— Illustration I,  176 

44  or  Direct  Current        I,  420,  421 

aContra-Construction  Earnings* VII,  467 

Contracts Ill,    80 

Authentication  of II,  182 

Drawing 11,137,  232 

14         Execution  of V,  519 
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Contracts, Live  Stock V,304;  VI,  101 

Material VII,  80,  288,  289 

Special V,  16» 

Control, Government.    CSea  also  "Government  Control.") 

-Objection*  to .VII,  11,    13 

Private  versus  Govern  men  t— of  RaUroads VTII. 

Controlled  Manual  Block  System IV,  376 

Controller,  the 1,483-485 

"  lor  Electric  Mnt-or*;   Open,  Showing  Drum  and 

Fixed  Contacts— Jllmlration I,  486 

"  "     Two  Fifty-Horsepower  Motors— III  us  t  rat  ion 

...I,  484 

"  *      "     Railway  Motors— Illaat  rat  ion 1,485 

Convention  Cerl  i  Ilea  tea V,  171 

Tickets V,  92,  107 

Conventions,  Notice  o[— to  Officials V,  113 

Converter, or  Transformer I,  433 

"  Rotary  1,437 

Conveyance,  Bxbanal  ProoeBI  of I,  874 

Conveyances,  Execution  of V,  619 

Cook XI,    28 

Cooley,  L.  E Ill,  133 

Cooler,  Water— ntuatraMm,  Plate  II 1, 116-117 

Cooper,  Peter— Locomotive  Built  by— Illustrat ion I,    J7 

Cooperage,  Charges  for VI,  94;  IX,  61 

Co-operation,  Among  Huilronds - I,  987 

—How  < » i ■  t ; l i t it- 1 1  by  Managed VII,    71 
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Cork,  Use  of— for  Brake  Shoes. I,  302 

Corner  Iron,  Girt— Illustration,  Plate  III 1, 170-171 

*     Plate— Illustration,  Plate  III 1, 170-171 

a     Sill— Illustration.  Plate  III J,  170-171 

Plate,  End  Sill— Illustration,  Plate  II. 1, 116-117 

u      Transom— Illustration,  Plate  II 1, 1 16-117 

Post— Illustration,  Plate  III 1, 170-171 

u    Rods— Illustration.  Plate  III 1, 170-171 

Cornice  Board,  Window  Sill— Illustration,  Plate  II. 1. 116-117 

Fascia  Board,  Inside— Illustration.  Plate  II.... 1,1 16-117 

Inside  Deck— lllustrat ion.  Plate  II 1, 116-117 

Jailer— Illustration,  Plate  II 1, 116-117 

Coroners.  Fees  of II,  233;  III,  398 

Corporate  Accounting V,    68 

u  Accounts— On  What  Based VI,  81    89 

Life,  Discipline  of II,    19 

44  Property,  Organization  of II,  68-69 

u  Seal,  Care  of II,  182 

u  Service,  Talent  Required  in II,  166 

u  *       Vicissitudes  of II,    60 

Corporations,  Accounts  of IX,  297 

*  Administration  of XI,  129 

Affairs  of II,    17 

u  Armlesof IX,    12 

Characteristics  of IX,  110,  111 

Directors  of II,  128 

Diversity  in  Organization  of  Different.;. . .  .II,  126 
Documents  in  Favor  of VII,  444 
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u 

Downfallof II    69 


Economical  Operation  of II,  86    86 

Efficiency  of II,  79,    80 

Employes  of IX,  110,  111 

Government  of II,  281 

Great— Characteristics  of II,  122,  123 
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u 

M  —How  Their  Interest  in  Their  Employes  Is 

Manifested II,  60 

M            Interests  of II,  16 

u             Judgment  of II,  67 

Lifeof IX,  16 

44            Management  of— by  Private  Owners. .  .Ill,  67,  68 

Managers  of II,  73 

Managing  and  Working  Forces  of II,  70 

Methods  of II,  iv 

tt             Operating  Force  of II,  83 

44  Principles  Governing  the  Organization  of  the 

Forces  of 11,108-121 

u             Private— Efficient  Service  of II,  v 

44      — Growth-of II,  136 

u            Problems  of II,  iv 

Public H,  ri 
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"              Safety 

"                      Vdll.ll 

Corpses,  Tickets  l"r 
•        Transp  irl.it 
Corrections,  Halting 
Correspondence, '  tan 
Corrosion,  Pre  vent  to 
Corrugated  Iron  Koo 
Cortes,  Conquest  ol 
Coat,  Comparison  of. 
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93 
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E'aldby 11.  103 
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on  of V,  138,  1311.444.  519 

lull  Of VI,  314 

of III.  388 

lexkoby XI,    85 

-Between  the  l's<;  of  Coal  ami  oil I,  103 

miuctors I,  422,  533-537 

"          by  Steam   Locomotives  and  by 
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Coupling  and  tTftOonpllttf— ln«tfO0tloBa  to  Trainmen I.  370 

u         B&&\n-m»*tmi;on,  Plate  It 1,116-117 

Between  Dynamo  Shaft  and  Driving  Shaft I,  406 

Cars,  bv<baln* I.  904 

"  Chain,  Safety— Illustration,  Plate  II 1, 116-117 

"  Combination I,  874 

Five-Link I,  179 

"         Hose,  Air  Brake 1,308 

■  "  -        -       —  Illustration*,    Plate   II. 

1,116-117,  300 

"  "      Jieppinj;  Prr««nrp  In 1.  873 

"  "       Slcii«l-/««*/rii't.)i..  Plate  II. 1,116-117 

"      filan.ianl— I!laxir„rion        1,370 

-      Train  Pi  tie-  lUustnitum,  Plate  III  ...  .1, 170-171 

Ltira 1.371 

Pin,  Draw  Bar—  Illustration,  Plate  III I,  170-171 

"  Rod— Illustration |,    60 

"  Steam  Hoae  ((JIM*)— Iltwtration,  Platr  It ,  .1.  116-117 

-      (Sewa!l)-/"*'"r<H,»n.  Plate  II.l,  116-117 

Three-Link  1,179 

Train  Pipe- /««*"■* fi'm  Plate  III 1,170-171 

**         Vacuum  Hrake—  tilustration I,  308 

Couplings I,  398,  836 

Air  Signal 1,  876 

Brake 1,391,  830 

Cleaning I,  369 

"         Dummy 1,321,336.330.338 

"  tor  Train  Pipe— Illustrations I,  .',;i».  Ml 

"  Frozen-  lnn  1  to  Trainmen 1, 323.  334 

Thawing  <Wt  1.323.  334 

Train  I.u.e I,  875 

Coupon,  Bond— Form  of Ill,    96 

Mileage  Ticket  a V,  471, 474.  476,  406 

Orders.  English V,  239 

Ticket* V,  88.  109 

Local V,    99 

Coupons Ill,    06 

6         Baggage V.  476.  476.  496 

"         -Auditors" V.473,  477 

"         Bond—  Authentication  of II.  183 

Detached V,  306 

Mileage V.300.  310 

Paid— Accounting  for VII,  447-449 

"         Payment  of II,  193 

"        Ticket V,  176 

Court  Cost* II  1, 160,  161 

Courtesy,  Necessity  ol— in  Agenta V,  118 

Courts,  Customs  of II,  839 

Preeeden  ta  of 11.939 

Cove  Molding,  Wlndow-JHwefation,  Plate  " 1,116-117 
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(.'over  for  Iron  Tlopppr—  [llnaf  ration  Plait  II .  .1,116-117 

"      Journal  Bit*-/Hiuifr<tiiV>i«,  PUite  II.   1.116-117 

"      Strain  Ojest    Klustruffon.  Plate  I     ...,1,68-69 

"  ■*  "      Owing— niitgtratioH,  Plate  1 1,68-69 

CovetoumiPss  . .   VIMS,    19 

Cow— Tue  Unit  ot  Value. XI,    73 

CowcaWner.. 1,66,67, 109 

Cranes. 1,106,173,  2S4 

Power I,  360 

"      rtaod I.  347 

"       Swinging I,  360 

"       Traveling 1.  351.  3M.  367,  2110,  261.  264 

"      Water I,  347 

Crank •. I,    83 

HpII— Throttle     lltunt  ration,  Plate  1 1. 68-69 

Plo 1, 81, 86,    87 

- -/liuHlraririn 1,    60 

Shalt 1,86,    87 

Credit.  Extending X,  366.  367 

—for  Freigl.  I  Charges. IS,  65-74. 313-316 

Loss  of Ill,    35 

"       of  Carriers,  Injury  to — Effect  on  Other  Industries. .? 

VIII,  13,    19 

Credits Ill,      7 

"       Effect  of  Competition  on IX,    71 

"        Investtgutins,'— by  Traveling  Auditors IX,  386 

i,  Effect  of— ou  Wood Ill,  353 
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Crossings,  Accidents  at IV,  130, 131 

Abolishment  of IV,  131, 132 

44         —Cost  of  Keeping  in  Order Ill,  429,  423 

44         Early  Signals  at IV,  254,  255 

41         Grade— in  Germany IV,  132,  133 

u  **     —Trains  Approaching IV,  355 

Railway IV,  133 

M  tt        —Damages  Arising  from II,  232 

u         Road 111,256,257 

44  u     — Duties  of  Conductors  in  Relation  to..  .IV,  404 

44  "     —Effect  of,  on  Cost  of  Operation Ill,  394 

44  a     —Maintenance  of Ill,  300 

Crossover  Pipe. I,  324 

Crossovers,  Double Ill,  234,  235 

on  Curves Ill,  234 

44  u  Straight  Lines. in,  234 

Cross  Section  of  a  Railway  Motor— Illustration I,  403 

44      Stays— Illustration I,    08 

44      Tie,  Center— Illustration,  Plate  III 1, 170-171 

44    Split  Half  Log— Illustration ni,  213 

44       u     Quarter  Log— Illustration Ill,  212 

44         u    Timber— Illustration,  Plate  II..   1, 110-117 

44         u    Whole  Log,  Hewn  Both  Sides— Illustration. .  .Ill,  214 

u      Ties III.179,  202 

44      Transoms I,  213 

Crown  Bar — Illustration I,    67 

44     FireBox I,    97 

44       Bars I,    75 

44  u      —  Illustration I,    98 

Plate I,    96 

Sheet 1, 71 ,  75, 76, 81,  96,  97 

44  tt      — Illustrations 1,67,    98 

Crude  Oil I,  103 

Cugnot,  Vehicle  Invented  by I,    18 

Cugnot's  Steam  Carriage,  1769— Illustration I,    18 

Culmination  of  Carriage XI,  523 

Culvert,  Pipe— Illustration HI,  868 

"        Stone  Arch— Illustration 111,369 

44        Street Ill,  222,  223 

Culverts,  Construction  and  Maintenance  of Ill,  296-299 

of 11,211 

44         —Cost  of  Keeping  in  Order Ill,  422,  423 

44  u     tt  Maintenance  of 111,292 

44        Effect  of  Traffic  on 111,293 

44        Influence  of— on  Cost  of  Maintenance Ill,  383,  389 

44        Insecure in,  430 

Protection  of Ill,  325-327 

Repairing Ill,  398 

Supplies  for VII,  111,  112 
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Cumberland  Valla;  Railroad,  Introduction  of  Sleeping  Car 
on I,  189 

Cummin XI,    81 

Cuneiform  Writing  XI,  118 

"  u  Invention  of XI,  130 

Cup,  Drain I,  329 

—ItluHlral inn.  Piute  III 1, 170-171 

"     Oil— totPiieip— ■JlhWfrwWon I,  539 

Cups.  Drain I,  315 

Cupolas I,  257,  358 

Currency,  Deba-c.d— lis    Kffei-t  Upon  Railways  and  Otliar 

Propertv...   Ill,  7-27 
"  Those    Who    Work 

for  Wages,  III,  7,    SO 

Effect  of— on  Labor Ill,    19 

Wages Ill,    19 

Exchanging— for  I 'rafts IX,  IN  1-187;  X,  287 

"        Fluctuating—I  is  Effect Ill,     7 

Mutilated IX,  328 

Payment  of  Wages  in X,  1S9,  191, 192,  198,  213-234 

Receiving IX.  327 

Remitting IX,  418 

Sound-Its  Effect CI,      7 

The  Fi ret XI,    13 

Transport*! ion  of V,  619 

Electric 1,475,  476 

Iternating 1.407,408,431-12(1 
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Current,  Electric— Strength  of 1, 397, 398,  415,  416 

— Surface  Conductors  for  Collecting.  .1, 464,  466 
— Transformation  of  Alternating  into  Direct 

I,  426 

— Transmission  of  Power  by , .   .  .1,  425 

44  u      — Underground  Systems  for  Collecting. .  .1,  466 

u      —Variation  of I,  414 

Currents,  Electric I,  397 

44      —Energy  of 1, 402-405 

44      —Source  of 1, 397,  398 

44        for  Operating  the  Induction  Motor I,  444 

Magnetic  Effects  of —Where  Utilized I,  401 

Polyphase 1,425.  426 

Curtain  Rings— Illustration,  Plate  II. 1, 116-117 

44        Rod— Illustration,  Plate  II 1, 116-117 

*  u    Bracket— Illustration,  Plate  II 1, 116-117 

44  tt    Window— Illustration,  Plate  II 1, 116-117 

Curtains,  Berth— Illustration,  Plate  II 1, 116-117 

44        Facilities  for  Repairing I,  274 

44         Renovati  ng I,  274 

Curves,  Avoidance  of— in  Great  Britain I,    24 

44       Crossovers  on m,  234 

44       Effect  of— on  Cost  of  Operation Ill,  393 

Elevation  of Ill,  218-220 

44       Motor 1,476-480 

44       Resistance  of. IV,    99 

44       Switches  on  Outside  of Ill,  237 

44       Turnouts  on Ill,  234 

Cushion— Illustration,  Plate  II. 1, 116-117 

Cushions,  Renovating I,  274 

Custom,  Force  of XI,    29 

Customs,  Differences  in 1, 148,  149 

CutOff  and  Relief  Valve I,  310 

44    Out  Cock 1,336,  538 

a       u      u     —illustration,  Plate  III 1, 170-171 

44       u      u     Brake—  Illustration.  Plate  III 1, 116-117 

44      tt     in  Air  Pipe  Under  Engineer's  Valve—  Ulus tra- 

tion I,  539 

44  Branch  Pipe—  Illustrations I,  540,  541 

Signal  Branch  Pipe — Illustration,  Plate  II..... 

'. 1,116-117 

44       **      44     Valve— Illust ration,  Plate  1 1, 63-59 

Cuts,  Cost  of  Keeping  in  Order Ill,  422,  423 

44     Deepening II,  221 

44     Rock III.  226 

44     Sodding , , 111,226 

44     Widening IL  221 

Cutting  Off  Machlnerv I,  269 

44       Out  Brakes— instructions  to  Enginemen I,  320 
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Cutting  Out  tbe  Brake  on  a  Car— In  struct  ion  a  to  Trainmen.. 

1,324-326 

Cylinder— Illustration*,  Plate  I. I,  68-68.  1,0,  64a 

Aetiouof  Steam  In    ., 1,84,    85 

Back  nv.v\- Mill/ration,  Plate  II 1,116-117 

Block— Illustration,  Plate  III I,  170-171 

Boring  Bars 1,36) 

Brake I.  297, 305-308, 334-336, 356-361 

(  Platen 1,116-117 

w     —Illustration*,*  Plate  III 1,170-171 

(     1,540,  641 

"      Pomp,  Air— Illustration,  Plate  I   1,58-59 

"  "  "         St  em  1 1— II  lustra  I  ion,  Plata  I. I,  68-58 

"      Quick  Action 1.312,  313 

*      Ratio  of  Auxiliary  Reservoir  to  —  Illustra. 

lions 1,357-359 

"     — " Reinforce" I,  312 

"      — Ucrniiiiiia;  Pressure  in I.  327 

"  rasing— Ulirxtration,  Plate  1 1,68-59 

Uastintr.  Saddle  «! I,    93 

Cock  I.ever— Illustration,  Plate  I I,  68-69 

"      Beach  Bod— Illustration 1,    60 

Cocke I,    84 

Illustrations  J  Flale  7- 1,68-59 
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Ma* 
Cylinder, Lever  Guide—  Tllti»f ration,  Plate  II. 1,118-117 

*  Low  Pressure  It    S3 

"  "  *         —  AiImt-sK.ii  Porta  Of I,    05 

"         Lubricator— J"  nut  rat  ion,  Plate  I 1, 68-69 

"         Mechanical  Energy  in L  408 

*  Movement  of  Platon  in 1,86,    86 

*  Oil        1,366 

Packing I,    89 

"  Port— lllu*  tra Hon I,  841 

"         Power.  Loco  mo  live I,    64 

"         Pressure.  Brake I,  319 

"         Belief  Cock— Hlu»l  rat  ion I,  113 

"  Saddle— Jllustru tion,  Plate  I I,  58-60 

"  (Standard  Freight),  Ke^ervoir  and  Triple  Valve— 

— illustration 1,873 

"  Single   Expansion— Section    Showing   Action    of 

Steam  in— i Uvstration I,    83 

"         Steam  Pressure  In— How  Ascertained 1,88,    69 

14        Trevl  thick's  Locomotive I,    46 

"        Vacuum I,  993 

Cylinder*. 1,46-48,93,  286,  306 

"         AdmlMlon  of  Steam  Into 1.  S3,    91 

*  Auxiliary— Compound  Locomotive— illustration, 

1,146 

Boring I,  343 

Brake 1,336,377,378,380 

"  "      —Driver— Illagi rat  ion I,  639 

"       -Repairs  to 1,388 

"         Cleaning— Instructions  to  Car  Id  spec  tore.  .1,  83-1,  339 

"         Compound 1,46,    47 

"  Diameter  and  Stroke  of— Statement  of I,    39 

■         Effect  of  fMoi  .U'tidimii  I,  369 

"  for  Applying  Brake  Force I,  998 

*  —Form  Used  in  America I,    86 

"  •        "     "England I,    88 

"         Horizontal I,    46 

"         —How  Kept  Free  from  Cinders I,    96 

Inclined T,    46 

Inside 1,30,81,46,    87 

"         Mechanism  of I,    86 

Oiling. 1,829,  331 

"         Outside 1,46,    87 

"  "       Versus  Inside. 1, 87,    88 

"         Shutting  Off  Steam  from I,    83 

Steam 1,83,    83 

Cypress  Tie* Ill,  350 

Cyprua,  Ancient  Wheel  from—  illustration IV,  194 

Island  of IV,  194 

Cyrui XI,  87, 106, 116 


Claims  for II,  232,  261 

*  u        *»  —on  Baggage 

u         Settlement  of  Claims  for 

Damper— Illustrations,  j  piate'  jj 

44        and  Grate,  Section  Showing— Illustration, 
44        Handle,  Ash  Pan— Illustration,  Plate  I . . . 
Dampers 

*  Ash  Pan 

D'Andelarre,  Marquis 

Danger — Its  Effect  on  Wages 

u       Signals,  Permanent...  

Dares 

Darius 

44      Baggage  of. 

Darwin 

Data,  Fiscal— Value  of 

Davenport,  Thomas — Electric  Car  Constructed  by 

Davidson,  G.  M 

Davis  &  Gartner 

Davis,  Phineas— Locomotive  Built  by,  1832— Illuai 

Davy,  Sir  Humphrey 

Day  Book 

44    Coaches,  Weight  of 

44    Labor . 

Dead  Brake  Lever — Illustration  Plate  III. 

Guide—  Illustration,  Plate  III. . 
**      Hook — Illustration,  Plati 

44     Levers 

u     Truck  Lever — Illustration,  Plate  II , 

44      Levers 

Deadheads 
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Debts  and  Freight  Claims  Committee II,  131 

u     Collection  of II,195;IX,  433 

44     Railway— Guaranties  of. Ill,    39 

Decauville,  M.  Paul 1,215-218 

Deceased  Employes,  Paying  Wages  of VII,  403,  407 

Wagesof IX,  394 

Decimal  System XI,    74 

Deck  Cornice,  Inside— Illustration,  Plate  II 1, 116-117 

44      Eaves  Molding— Illustration,  Plate  II 1, 116-117 

44      End  Sill— Illustration  Plate  II 1, 116-117 

14      Outside  Window  Sash— Illustration,  Plate  II. . .  1, 116-117 

41      Panels— Illustration,  Plate  II. 1, 116-117 

14      Plate— Ulus tration,  Plate  II. 1, 116-117 

44      Post— Illustration,  Plate  II 1, 116-117 

44      Sash— Illustration,  Plate  II. 1, 116-117 

44  **    Lintel— Illustration,  Plate  II. 1, 116-117 

44  **    Pivot— Illustration,  Plate  II 1, 116-117 

44  **    Pull— Illustration,  Plate  II. 1, 116-117 

44  tt    Opener— Illust ration,  Plate  II. 1, 116-117 

44  tt    Screen  Post— Illustration,  Plate  II 1, 116-117 

44      Sill— Illustration,Plate  II. 1, 116-117 

44         u    Facing— Illustration,  Plate  II 1, 116-117 

u      Window  Screens— Illustration,  Plate  II 1, 116-117 

Decoration  of  Cars I,  147 

44  Vehicles I,  197 

Deductions  from  Pay  of  Employes VII,  385-387,  392 

44  Mail  Service V,  557-559 

Deeds,  Custody  of II,  213 

44       Execution  of V,  519 

44       Recorder  of ...Ill,    96 

44       Transportation  of V,  519 

Defalcations.    (See  also  u  Shortages/1) 

II,  290;  IX,  21, 

23, 25, 32, 149, 167, 168, 193-218,  233,  271 ;  X,    58 

44  Covering  Up IX,  136, 137, 139, 140,  267 

Information  Regarding IX,  167 

Prelude  of IX,  302 

Recordof X,  199 

Reporting IX,  197 

Defaulters IX,  193-218,  244 

Defective  Brakes 1, 330,  331 

44         Car — Instructions  to  Engineers 1,  365  < 

44  Slide  Valves I,  382 

41         Triple  Valves I,  371 

Defect  Tag I,  325 

Defects,  Discovering— in  Air  Brakes I,  322 

44        Reporting — to   Inspectors— Instructions   to  Train- 
men   I,  327 

Deflniteness.  Necessity  of— in  Disbursement  Accounts VII,  iv 

Definition  of  Electricity I.  393,  394 

98  vol  ia 
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Deflector I,     W 

Plate—  Illunh-a lion,  Plate  1 1,56-59 

"      Adjuster— Illustration,  Plate  I L  B8-60 

Delano,  F.  A m,  342 

Delaware  .t  Hinhini  t.'an ill  ( oitipanv,  Locomotives  Purchased 

by 1,    28 

Delay,  PreTentlon  of — in  Loading  and  Unloading  Cars 

VI,  49.  68-63 

Delai-B,  ClalniB  for 11,232,  242;  VI,    IS 

'• "     in  Settlement  of  Claim* VI,   21 

"         "  Unloading  ('iii's—  Ilnw  Lessened VI,  67,    58 

14        Settlement  of  Claims  for VI,  283 

Deliver}-  ot  FrelRhS VI,  9,    10 

to  Drum— 7llu»t'-ation,  Plate.  1 1,68-69 

Demand  for  Locomotives  ami  Cars I,  138 

Demur  rage  (See  also  "I  ';ir  Service") VI,    99 

Chaise,  in  Great  Britain 1,173 

Charges  for 111,406,407;  VI,  49,  58-63 

Kates  for DT,  242 

"  Rules  and  Regulation*  Governing  Demurrage  Storage 

Charges,  etc VI,  337,  338 

Denton,  Professor V II,  123 

Department,  Accounting 1, 289 ;  II,  137,  139, 

272-305;  V,  69  ,  IX,  300,  304;  X,     41 

— a  Safeguard II,  282 

—Chief  of II.  285 

-Duty  of V.    70 
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Department,  Law II,  137, 138, 234-234 

Machinery I,  230, 240,  277;  II,  176 ;  IV,    25 

u                   «        —Duties  and  Responsibilities  of  Offi- 
cials in 1,230,    231 

44  u        —How  Saving  Is  Effected  in I,  284 

44  u        —Importance  of .1,  233 

u  u        —Intelligence  and  Skill  Displayed  in 

— Rank  of  Men  in  Charge.'.' "."." .i,'230*  231 

u  u         —Status  of ,  in  Early  Days I,  234 

■*  "        — Value  of  Information  Regarding.. 

j  232.  233 

Material— English! ". ..... ".".". '.'.'.'.'.'.'.'. '.'."..'.  .Vll,  106 

44  Mechanical I,  277 

u  Operating II,  136,138;  IV,28;  XX,  223 

-       — Dutyof V,    70 

44                  u       — Its  Relation  to  the  Accounting  De- 
partment   II,  290,  305 

u       —Organization  of. II,  173-176 

44  Passenger— Attaches  of V,  17,    18 

—Authority  of. ,.II,  252 

—Machinery  of II,  253 

Postofflce V,  554,  558,  559,  561 

Relief X,  291-353 

14  Roadway— Organization  of Ill,  258-260 

—Rules  Governing III.  260-271 

Supply— Organization  of VII,    70 

Ticket— DuSes  of II,  250,  251 

Traffic . .  .II,  137-139,  237,  239 

44     — Dutyof V,    70 

44  Treasury— Conduct  of n,  193 

Departmental  Foremen I,  277 

Officers : II,  200 

Methodsof II,  139 

Departments,  Division  of  the  Railway  Force  into II,  19,    20 

of  aRailway 11,136,  137 

Subdivision  of II,  138 

Depositories,  Baggage V,  427-430 

Deposits,  Bank X,  265,  266 

Guaranty IX,  323,  324 

Depot  Grounds,  Claims  for II,  233 

Depots,  Supply.    (See also  "Storehouses") 

—Arrangement  of VII,  189,  198 

44       —Inspectors  of VII,    77 

Depressed  Pits I,  246 

44         Track I   246 

Derailing  Switches.... !.!...... ... !....... ..".'.'..'.!. Ill,  237^  238 

Derails,  Use  of .  IV,  112,  113 

Derrick,  Steam Ill,  258 

Descending  Grades I,  327 
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Design,  ( 

for  Slmii  B»iMi!i(t(t I,  353 

Locomotive 1,380,  381 

ol  Bepatr  Shops  - - 1,  237 

*•  Ronuilhouse I,  Ml 

Designers.  American I,  139 

Designs,  ihaiigea  in. VII,    81 

Detaching  Kiiglnt!  nr  <"ara— Instructions  to  Tratomeo I,  398 

iv.ui-  of  American   Slamlanl    Box   Freight  Car 1,207-314 

"  "  "  *  "  "   —  niuatra- 

tirr**,  Plat*  III 1.170-171 

"    Organization 11.128-140 

-    Kui;w;iv  Transportation I.  201 

Detention?,  to  Oars VI,    68 

lirtrtlomtinsi  of  Bails 111,373-379 

—To  WbBI  Dub 111.  287 

Detonators,  lee  of..... IV.  371,273.  3-13.  343 

Development  ol  Hallways II.    62 

"  I  In-  Kloctrtc  MolorCar I,  467 

Dcvl.c  lor  Changing  Trucks  from  Narrow  Gan^e  to  Wide 

Gauge,  ami       ■■■/"■■■■  ration I,  303 

I.ohri.Ml lug I,  38t 

TrvvithiiVs—  fi>r  Making  Steam I,    23 

Devices.  Adoption  of— by  Hallways V.89,    90 

Ami  Tcl<"»r.<ni:ig. I    198 

(nr  i  hi'i  |,i:-^  :in<l  Moderating  VerbJclet. . 
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Dies I,  263 

Diligence,  Necessity  of— in  Handling  Requisitions VII,    71 

Dining  Car 1, 148, 195,  196 

44         tt   American— Illustration 1,  219 

"Dining  Car  Service" VII,  301 

Dining  Car  Service  Accounts VII,  301,  302 

uDining  Car  Supplies" VII,  302 

Dining  Car  Supplies VII,    87 

44         u         *         Accounting  for VII,  300 

u         Careof VII,  299 

Inventorying VII,  346 

Ordersfor VII,  300 

Returnsfor VII,  300 

44        Cars I,  191 

44     Repairs  of VII,  301 

u         u     Superintendent  of II,  138 

Diodorus XI,  28,  113 

Direct  Current— Direct  Fed  System I,  451 

u       Dynamo I,  411 

u  u       Feeder  Systems— Illustrations I,  433 

u  u       Generator I,  426,440,  452 

44  u       —How  Secured I,  407,  408 

44       Lighting  System IV,  176-180 

44       Motor 1,411 

Systems I,  430-440,454 

44  u       Transmission  of  Power  by I,  425 

41      Dynamo  System IV,  176 

44      Feeding I,  431-434 

44      Steam  Heating,  Floor  Valves— Illua tration  Plate  II. . 

1,116-117 

44      System  of  Steam  Heating IV,  157,  168 

Directors,  Action  of— in  Filling  Offices II,  133,  134 

Acts  of 11,130 

Adviser  of II,  229 

44  Authority  of II,  131 

Board  of 11,128 

u*       u— English 11,130,131 

44  Committees  of II,  130,  131 

44  Counselor  of II,  229 

Electionof II,  128, 129;  in,    87 

English Ill,  140 

Meetings  of II,  1 29,  130 

Number  of— on  Different  Railways II,  128 

Responsibilities  of II,  130 

Tenure  of  Office  of II,  128,  129 

Dirt,  Hauling— Railroads  for I,  217 

u     in  the  Air  Brake I,  369 

44     Preventing  Accumulation  of— in  Air  Signal I,  366 

Disability,  Amelioration  of  the  Condition  of  Railway  Men 
and  Their  Families  in  Cases  of X,  291-353 
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44  Duty  of  Accounting  Ottlcer  in  Relatic 

44  for  Construction 

Officer  in  Charge  of 

of  Rail  ways 

Railway 

41  u       — How  Influenced 

44  Reports  of 

Statistics  of 

44  Summarizing 

44  Summary  of 

Disc,  Armature — Showing  Slots,  Diagram  of  Con 
and  One  Coil  in  Place  Connected  to  the  C 

tor — Illustration 

44     Signals,  Automatio  Block— Illustrations 

Early 

44     Valve,  Rotary 

Discharge  Valve,  Car— Illustration 

*  —Signal  Branch  Pipe  to— III* 

Platell 

Disciplinary  Practices 

Discipline,  Lack  of — Its  Result 

44  Laxity  of— Its  Effect 

44  Maintenance  of 

44  of  Army  Life 

M  Corporate  Life 

44  Railway  Forces. 

Preservation  of — in  Financial  Departmei 

Relation  of— to  Accidents 

Discount 

"Discount" 

Discounts,  Accounting  for 

Discovering  Leaks — Instructions  to  Trainmen , 


u 

it 
u 
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Discrimination,  Limitation  of VIII,    63 

Practiceof VIII,    36 

44  —Relation  to  Classifications VIII,    66 

u  Result  of  Preventing VIII,    66 

Discussion,  Associations  for I,  229 

Results  of —Among  Railway  Officials I,  288 

*  Value  of —Among  Employes  of  Shops 1, 289,  290 

Discussions I,  226 

Valueof. 1,289,290 

Diseases,  Contagious — Passengers  Afflicted  with IV,    69 

Disinfection IV,68,    69 

Dismissal , IV.30,    31 

Disobedience II,    14 

Dispatcher,  Train II,  199 

44     —Meaning  of  Term IV,  322 

Dispatching  Baggage,  American  System  of V,  377-383 

44  u         European  System  of V,  369-376 

14  Trains  by  Telegraph— Forms  Used IV,  466-478 

Dissemination  of  Knowledge I,  226 

Distance,  Effect  of— on  Cost  of  Transmission I,  430 

Distances I,  419 

Distress  Funds II,    60 

Distribution  Book,  Labor— General VII,  637 

44     Material— General VII,  315-320 

Books VII,  314 

44  a    — Entering  Various  Persons  Accounts  in. 

VII,  423-428 

44       Useof VII,381 

44  of  Electrical  Energy I,  414 

44   Labor  Book,  General VII,  382-386 

44  u   Material  Book,  Track  Foremen's VII,  326 

44   PayRoll 1,280 

44   ShopLabor 1,286 

44    Work 1,267 

Relationof  Carriers  to VIII,    82 

—Useof  the  Word VII,  373 

District  Goods  Managers,  English II,  208 

*        Superintendent,  English II,  207 

Ditchers,  Steam Ill,  268 

Ditches Ill,  261 ,  262 

— Costof  Keeping  in  Order Ill,  422,  423 

Ditching 111,286 

Dividends Ill,  86,    87 

Declaration  of II,  187;  III,  66,  89,    90 

Expenditures  of  Railways  for VIII,    24 

Fluctuations  in Ill,    41 

"Dividends  on  Stock"  Account VII,  627 

Dividends  on  Stock,  Accounting  for X,  179,  180 

Payment  of II,  137,  189, 191 ;  III,  89,    90 

44  a        "  —in  America. Ill,    42 
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Dividends.  Pavnieiit  nf-lii 'England ITT,    43 

Unearne.l  —  Payment  of HI,    66 

Division  Engineer II,  138 

Freight  Agent II,  139 

Master  M.vliatiU-H II.  300.  301 

of  Labor  1, 388,  286 

Rofidmastent ill.  259 

Superiu'.iMik-iit 11,138 

Authority  of 11.198 

"  rhara.-tiTi-.tt.fi  of  ... II,  199.  303 

I>ln(T*>tlono! 11,198.200 

Duties  of 11,198-209 

-Meaning  o(  Title II,  143 

"  "  Relation  of— to  Central   Manager, 

II,  190 

Title  of VII,  360 

Superintendents,  KHivf  Vouchers  Made  l.y IX,  373 

Scot*  Of 11.175 

Divisional  Officers 1,977 

Divisions  of  Labor  on  Bali  roads.  M.viil 

"Dockland  Whane*."    VII  461 

Doctors'  Bills 11.333 

Documents,  Draw  log 11.  233 

Imperfa  i . .  . .    IX,  434 

Legal 11.229 

Signing. IX.  344 

.V,  115 
■  V.  293 
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Door  Handle,  Feed— Illustration,  Plate  II 1, 116-117 

44      Hinge— Illustration,  Plate  II 1, 116-117 

44      Hinges,  Vestibule— Illustration,  Plate  II 1, 116-117 

44      Holder— Illustration,  P.late  II 1, 116-117 

44  tt      Catch— Illustration,  Plate  II 1, 116-117 

44      Knob— Illustration,  Plate  II 1, 116-117 

44      Lin tel— Illustration,  Plate  II 1, 116-117 

44      Locker— Illustration,  Plate  II 1, 116-117 

44      Lock,  Vestibule— Illustration,  Plate  II 1, 116-117 

44      Panels,  Lower— Illustration,  Plate  II 1, 116-117 

44  tt        Middle— Illustration,  Plate  II 1, 116-117 

44      Post— Illustration,  Plate  III 1, 170-171 

44        *    Rods— Illustration,  Plate  III 1, 170-171 

44      Rail,  Bottom— Illustration,  Plate  II J,  116-117 

44         u     Middle— Illustration.  Plate  II 1, 116-117 

44         a     Top— Illustration,  Plate  II 1, 116-117 

44      Sash  Lift— Illustration,  Plate  II 1, 116-117 

44         u     Lock— Illustration,  Plate  II 1, 116-117 

44         tt     Lower— Illustration,  Plate  II 1, 116-117 

44         tt     Upper— Illustration,  Plate  II 1, 116-117 

44      Smoke  Arch— Illustration,  Plate  I I,  68-69 

44      Vestibule— Illustration,  Plate  II 1, 116-117 

Doors,  Car I,  214 

44      of  Roundhouses I,  243 

44      Storehouse I,  269 

Dorian  Invasion XI,    90 

Dorsey,  Edward  Bates Ill,  146, 149;  V,  26,  28 ;  VI,    11 

Double  Cross-Overs Ill,  234,  235 

44        Electro  Magnet— Illustration  I,  400 

44       Governors I,  313 

Headed  Rail Ill,  200 

44        Header  Locomotive,  Scottish — Illustration I,  136 

44       Headers — Instructions  to  En  gin  em  en I,  320 

Magnet I,  400 

Plate  Wheel— Illustration IV,  207 

44         u      —Master  Car  Builders'  Washburn  Pat- 

tern— Illustration,  Plate  III.  .1, 170-171 

Poppet  Valve I,  308 

Trolley  Line 1,445 

Truck  Car,  Frame  of I,  467 

44      Cars I,  467 

Draft,  Bank— Invention  of XI,  128 

44      Pipe  or  Petticoat— Illustration,  Plate  1 1, 58-69 

44      Rigging 1,210 

^  Continuous— Illustration I,  176 

44      Spring— Illustration,  Plate  II 1, 116-117 

Followers— Illustration,  Plate  II 1,116-117 

44        Strap— Illustration,  Plate  II. 1, 116-117 

44      Timber— Illustration,  Plate  III. 1, 170-171 

Filling  Block— Illustration,  Plate  III. . .  1, 170-171 


*       Collection  or 

u        Drawing 

44        Drawn  on  Treasurer 

u       for  Traffic  Balances 

44       Indorsements  on 

u       Indorsing. 

44       of  Local  Banks 

44      Paying. 

44      Receiving. 

44      8poiled 

44       Use  of —in  Paying  Freight  Charges 

44      Vouchers  Used  as. 

44       Writing  on 

Dragging  Brakes 

"Dragon*  Locomotive.  1848— The   First  Engl 
Burning  Cumberland  Coal,  and  the  Fin 

Rocking  Grate—  Illustration 

Drain  Cup— llluatration,  Plate  III 

44     Cups 

Drainage 1,273;  111,226, 

44        Influence  of— on  Cost  of  Maintenance, 

Slope 

44        Tunnel 

Draining  Auxiliary  Reservoirs 

44        —Instructions  to  Enginetaouse  Forei 

spectors 

Triple  Valves 

Drapanum 

Drapery,  Window — Illustration,  Plate  II , 

Draught,  Creation  of 

44        Device  for  Creating— When  Locomot 
ing  Still 
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_     apa-/iltw(ro(ion,  rtaulll I.1HM71 

Followers- IltuHlraiiun,  Plate  III. 1,170-171 

Knuckle—  Illustration.  Plait  III I,  170-171 

Pin—  IlUst ration.  Plait  III 1, 170-171 

"         Loop— IUuatratwn,  Piatt  III 1,170-171 

Pull,  Motor  Rated  In   I,  473 

Spring Cage— lustration.  Plait  III 1, 170-171 

Springs— IttwtratfoH  Plait  III 1,170-171 

"         Timbers— JII«s(rol»un.  Plate  II 1,  116-117 

Drawbars,  Tracks  lor  ITinrHlnjJ    mi  Push  Cars I,  S76 

*  Uncoupling I,  870 

Draw  Bridges,  Trains.  Approaching IV,  866 

-   »i4-ni-»-i«w}S!Jfe;;:;:::::;;..;;:;i,h5ST 

Drawing  Room  Oar  American 1,300 

-      Can 1, 148,174, 194, 18ft;  7,318,231 

Draymen,  Bonds  Required  of IX,  818 

Delivery  ot  Freight  to IX,  818 

Dress,  Cultivation  of XI,    65 

Drill,  Track— Illuai ration    Ill,  330 

Drilling,  Tools  for I,  348 

Drills.* 1,963 

Drinking  Water,  on  Cars I,  181 

Drip  Cock— Illustration,  Plate  I    1, 68-69 

*        *      Combination—  mantra  Hon,  Plate  II 1, 116-117 

"      In  Air  Tank— It  tun /ration,  Plate  It 1,  116-117 

41     Cocks 1.316 

»     Tray— Illustration,  Piatt  II  I,  116-117 

-      Valve  Angle—  llluatratitin,  Plate  II I,  116-117 

■     Water— Illustration.  Plate  II 1,116-117 

Driver  Brake 1,883 

"  "       Cylinders— Illustration I,  639 

"      Brakes I,  386 

»      — Illustration,  Plate  I 1,68-69 

"      Adjustment  o( I,  339 

"       Springs—  Illustration.  Plate.  I        1,68-69 

"  M       Equalizers—  Illustration,  Plate  1 1  68-69 

"  "        Hangers—  Jliuarmd'on,  Plate  1 1, 68-69 

"  «  -         Brace—  Illustration,  Plate  1 1, 68-89 

-      Toe IV,  83-40 

Drivers,  Pile 1,878 

Weight  Upon 1,439 

Driving  Axle— Illustration,  Plate  I 1,68-69 

"         Ailes,  Manufacture  of IV,  323,  333 

*       Box— Illustration,  Plate  I I,  68-69 

"  "    Gang 1,386 

**  "    Journals  n;:-l  Hi»^f>,  Examination  of I,  344 

"  "    Shoe— Illustration,  Plate  1 1, 68-69 

"  "     Wedge—  Illustration,  Plate  1 1, 68-69 

Boxes..,,,,,, 1,386.  386 
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g  Shaft 1.456 

Wheel  Hast  I  una-  Illustration I,    H7 

(tenters— Illustration.  Plate  I I,  58-59 

— Its  Ability  to  <'arrv  a  I.nad I,    84 

— Ttiw  I,iirK«-si    KverKri-mn    I.     35 

'nn—IlluHtraticma,  Plate  I .   1, 68-S9     07 

Wl.eeln    . .  ,         I,  87.  2*6 

•'       -  IUusiralion      I      (10 

A|ipii<'aiioii  of  Flanged  Bri.ke  Shoe  to.  ..I.  304 

Frenih IV,  210 

Load  ou III.  IBS 

"  Loromotivp— Brake  T'scd  on I,  297 

— Number  Required I,    66 

Ri'imovIhr    1,344 

"         Steam  ltv:lke  for — rttciihcnsim's  1J-33— Illus- 
tration  I.  2B9 

"         St-eel -Tired I,  303 

"  Tlienry   of  tin*    (    :  !i-  itl  ■  ■    of  tbe   Auto 

njatlo  If  mice  a»d  Itrake  Shoe  u>  tbe— 

liberation |.  643 

Use  i.f  rtrnkes  on I,  814 

I.  263 

ir—  Iitu*tralinn,   Plate  II     1,118-117 

i(t  or  Term IV,  317 

1,344 
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Dust,  Avoidance  of— in  Air  Pump.  I,  381 

44     Guard,  Journal  Box— Illustration,  Plate  III If  170-171 

u     in  the  Air  Brake. I,  369 

Duties  of  Executive  Officers II,  132 

44      •*  the  Common  Carrier VI,     6 

Duty,  Neglect  of. IV,  339 

Dwarf  Signals— Illustrations IV,  601 

Dyeing.  Facilities  for. I,  274 

Dynamite  Car,  Brazilian— Illustration I,  186 

Dynamo 1, 396, 397, 401, 456,  488 

44       and  Storage  Battery  System IV,  176 

44       Compound  Wound I,  409 

•*                «              »      —Two  Field  Windings— Illustra- 
tion  1,409 

44       Connection  of— to  the  Engine I,  466 

44       Constant  Potential I,  408 

44       Direct  Current. I,  411 

44       Electric  Horsepower  Delivered  by  a— How  Found,  I,  404 

44       Electro-Motive  Force—How  Determined I,  409 

44       Energy  of  Steam  in 1,403 

44       How  Current  is  Produced  in  the I,  405-410 

44       Invention  and  Development  of I,  520 

44       Limitations  of 1, 427-429 

44       Loading  the I,  429 

44       Magnetic  Field  in  a I,  406 

44       Mechanical  Energy  in  a I,  402 

44        Outputof 1,427,  428 

44       Power  Delivered  by  a I,  404 

44       Section  of  a— Showing  Electro-Magnets  or  Fields 

and  the  Armature  Within— Illustration I,  406 

44       Self-Excited I,  409 

44       Separately  Excited I,  409 

44        Shaft I,  456 

44       Speed  of 1,407 

44       Terminals  in I,  397 

Dynamos  1,253,259,460,  461 

Belt-Driven I,  466 

Booster 1,451 

Design  of 1,408,  409 


Ea. XI,    97 

Early  Form  of  Brake— Illustration I,  896 

44      Lever  Brake,  1630— Illustration I,  291 

Earning  Capacity  of  American  Railroads I.  166 

Earnings,  Baggage V,  63-65 

Classes  of X,    31 

44         Divisions  of— Between  Portions  of  a  Line. .  .X,  148-163 
44         Effect  on— of  Charging  for  Transportation  of  Bail- 
way  Material VII,  201, 202,  204 
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n,  EatpregB—  Definition  or....  X,  178 

Traffic  V,  648-561 

Freiglit— Daily  Upturns  of VI,  243-247 

ff     —Definition  of X,  177 

Gross— A  Baai*  for  Taxation Ill,  441-146 

"     —Ratio of  (.oet  to 111,144,  145 

"     —Unit of II.    37 

Joint— Apportioning. X,  131,  133 

-    —  Division*  of X,  161.  153 

Locomotive — How  Increased I,  160 

Mail— Definition  of X,  178 

Miscellaneous X.  149 

— Deanlltonof X,  178 

—  KniclfHh VI,  3*27-329 

Passenger— Dally  Bxtatblta  of V,  16F-15S 

— Deilnition  of... X,  177 

Percentage  ol— Paid  fnr  Labor VIII,    24 

Halation  of  Coat  of  Operating  to II,  109,  110 

"  Speed  to IV,  104 

"—  toi'apltal 111,35,70,    71 

"Expenses Ill,    57 

Carn  for  Handling 1,  324 

Charles,  J* III.    65 

dlan  Ballwav Ill,  178 

"       "FreiKl.t  Carsof 1,131 

u  Railway  of  Fmnre.   ...     111,178,183 

('anl'Md  od I,  131 

oil  &  narri 
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Economic  Theory  of  Rates VIII 

Economical  Purchase,  Care  and  Use  of  Material VII,  9-226 

Economists  — Ill,    14 

Economy,  Awards  for II,  29,    30 

44  in  the  Employment  of  Labor II,    27 

Edmonson,  Thomas V,  80,    92 

Educated  Men,  Advantage  of I,  130 

Education,  Effect  of— on  Railway  Officers Ill,  139 

Necessityof IV,    35 

44         Systematic— Value  of 11,297 

44         Value  of— in  Railway  Service IX,    17 

44  *       44— toTrade 1,129 

Effect,  Heating— of  Electric  Current 1, 398,  399 

44      Magnetic— of  Electric  Current 1, 399,  400,  401 

Effects  of  Electric  Current I,  398 

Efficiency  of  Engine-type  Railway  Generators I,  459,  460 

44  "  the  Induction  Motor 1,446,447 

44  Recognition  of IV,  24-27 

44  The  Highest— How  Secured IX,    36 

Efficient  Service VI,  6,  11-18 

Effort,  Co-operative— How  Obtained II,    58 

Eggs,  Loading VI,  103 

Egibi  &  Son XI,  1 26-128 

Egypt,  Common  Carriers  of XI,  109 

*       Inscriptions  of XI,  112 

44       — Its  Primitive  Associations  and  Means  of  Carriage 

2^1  283—292 

Position'of  Women  in . ... ................... . .  .'.XI,    24 

44       Primitive  Carriage  in— Illustrations XI,  283-292 

Egyptian  Chariot  Wheel,  Ancient— Illustration IV,  190 

44         Locomotive — Illustration I,  120 

44  Wheel,  Ancient— Illustration IV,  1 91 

Egyptians XI,  109,113,114,  119 

Chariotsof XI,110,  111 

44  Primitive  Carriage  Among XI,    95 

Ejector 1, 110,  111 ,  292,  299,  300 

44        —Illustration I,  111 

Elasticity  of  Track Ill,  179 

Elbow,  Reducing— Illustration,  Plate  II 1,1 16-117 

Elections,  Notices  of Ill,  425 

Electric  Bells I,  401 

44        Block  Signals,  Automatic— Illustrations 

IV,  280,  282-285 

44      System,  Automatic IV,  279-301 

44        Brakes I,  485,  486 

44       Car— Its  Effect  Upon  Street  Railway  Service I,  394 

Current,  Effects  of I,  398 

44  *        Strength  of 1,397,  398 

44        Currents 1,  397 

44         tyierpy  of I,  402-40§ 
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Horsepower,  Delivered  by  s  Dynamo— How  Found.. 

k  Light  Plants" VII,  461 

■  Lighting  Plant  nnrl  Rag-gage  Cur,  Austrian  Imperial 

—  ll.'iliiiiiore  A  Ohio  RailroauTunnel— 

Locomotives  of  tlie  Baltimore  ft  Ohio  Railroad  ...1,464 

Machines 1, 406-113 

ic  Motive  Power  Plants" VII,  461,  4112 

Controller  for;    Open.  Showing   Drum    and 
Problem,  the I,  394,  3!>.r> 

Railway,  Element. if  an 1,453-485 
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Electrical  Force ; I,  263 

Limits * I,  428 

44         Power— How  Measured I,  403 

44  *     System I,  402 

u         Principles  and  Laws I,  396-405 

tt         Progress I,  522-525 

44         Science I,  390 

44         System,  Elements  of I,  396 

44       Storage  Battery  in  an 1,438,  439 

44         Systems,  Comparison  of 1,450-463 

44  a       for  Railway  Service 1,430-453 

44       Variety  of I,  413 

Units 1,401,  402 

Electricity 1, 68,  223, 262 ;  HI,  347 

44  Application  of— to  Railway  Work I,  454 

44  As  a  Motive  Power  for  Railways 1, 387-426 

Definition  of 1, 393,  394 

44  Effect  of— on  Watches IV,  337 

44  Extension  of— Upon  What  Dependent 1, 623,  624 

44  Function  of— in  the  Operation  of  Railways 1,  396 

Influence  of IV,      7 

44  Practicability  of — for  General  Railway  Purposes. 

1,607-514 

44  Present  and  Future  of 1, 619-625 

44       Status  of 1,390-392 

44  Production  of I,  397 

"Ligbtby IV,  176 

Relation  of— to  Transportation 1, 392-396 

44           Use  of— by  the  Lowell  &  Suburban  Street  Rail- 
way Company I,  498,  499 

a  a    a      a    u    ^£4^,^  Falls  Power  Company. . . 

1,600-604 

44     "      •    w    Utah  Power  Company I,  499,  500 

44     u     for  Freight  Service 1,513 

44     "      *    Heating  Cars IV,  164, 176-180 

44  u     u      a    Lighting  Coaches 1,204 

44  *     *      -    Local  Passenger  Service 1,507-609 

*  a     a      u    protecting  Trains  Automatically 

IV,299-301 

44             •*     «      a    Through  Passenger  Service.... 1, 609-613 
44             u     -  —in  the  Baltimore  &  Ohio  Railroad  Tun- 
nel   1, 496-498 

44  u     "—  on  the   Akron,  Bedford    &   Cleveland 

Railway 1,489,490 

tt  tt     «4      **       u    Burlington  &  Mt.  Holly  Branch 

of  Pennsylvania  Railroad. 

1,490-492 

M  u    u      «       u     city  &  South  London  Railway. 

1,505 

»9  vol  18 
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'•  u     "      u     **    Union  Passenger  Railwi 

*  "     "  Under  Special  Conditions 

_What  It  Does 

Electro-Magnet— Illustration 

"  Double— Hlu8tration ■ 

Electro-Magnets 

Electro-Motive  Force 1, 397, 411, 418, 420 

429, 431-433,  436,  445,  446, 

u  **       Measure  of 

44  u      Production  of 

Electroplating 

44  Chemical  Energy  in 

Elements  in  Battery,  Automatic  Electric  Block  Si, 

lustrations 

u         Induction  Motor 

44         of  an  Electric  Bailway 

u  u  Construction 

u         M  the  Electrical  System 

Elephants,  Carriage  of  Railroads  by 

Elevators 

Ellis,  William  F 

Elphinstone 

Embankments * 

44  Construction  of 

Cost  of  Keeping  in  Order 

Enlarging 

Slope  of 

Sodding 

Emergency,  Application  of  the  Brake  in  — Instn 

Enginemen 

44  Amplications  of  Brake 1.31 
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Emery,  Storing VII,  293 

Use  of- by  Railways VII,  212 

Wheels,  Use  of— by  Railways VII,  212 

Emigrants,  Effect  of  American  Customs  on 1,  202 

Eminent  Domain,  Value  of  Right  to  Carriers VIII.    58 

Employe,  Interest  of  Employer  in II,  31 ,  32,    61 

*         Relations  of— to  Employer II,  91-96 

Welfare  of II,    16 

Employes,  Acceptance  of  Political  Offices  by IX,  204,  206 

Accidentsto IV,  122,  123 

44         and  Officers,  Relations  Between II,  27,    28 

u         Arbitrary  Dismissal  of. 11,205,  206 

*  Associations  of 1, 227-229 

u  tt  with  Officers 1,226 

44         at  Headquarters Ill,  418,  419 

44         Average  Amount  Paid — in  America,  Europe  and 

India. II,    26 

Behavior  of IV,  332,  334 

Bonding IX,  158-177 

*  Classification  of 1 1,  306 

41         Co-operation  of— with  Employers X,  293-295 

Deceased— Wages  of VII,  403,  407;  IX,  394 

44         Deductions  from  Pay  of VII,  385-387,  392 

44         Discharged— Payment  of VII,  408 

a  u         —Re-employment  of IV,  330 

Dishonest II,  199 

44         Disposition  of  Property  Found  by IV,  331,  332 

*  Dissatisfaction  Among II,    18 

44         Duties  of— on  Way  Freight  Trains IV,  323 

44         Earnings  Capacity  of— in  the  United  States. II,  26,    26 

Faithful II,    92 

Faithfulness  of V,  326 

Fitness  of *. II,  103 

44  —Test  of IV,  331 

Government V,  320 

Granting  Passes  to VII,  138 

Grievances  of IN,  473 

Guaranty  Funds IX,  170 

Identification  of VII,  397 

44 —to  Paymasters X,  230 

Increase  in  Number  of 111,419-421 

Inefficient IX,  289 

Inexperienced IX,  33,    39 

Information  Regarding  the  Character  of IX,  167 

Intercourse  of— With  Officers II,    17 

Interest  of  Managers  in IV,    24 

44  —Methods  of  Heightening.. II,  13,  28,  29 
Investments  by — in  the  Stock  of  the  Employer,  II,    28 

Keeping  Time  of 1, 279,  280 

44      u  —in  England VII,  631,  632 
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Pay  of— Traffic  in  .... 
"     "  —When  Absent 


Pavraent  of VII,  5 

u    —Who  Cannot  Appear  Per, 
fore  the  Paymaster... 

VII,  412, 41 

Practices  of  English  Railways  in  Choos 

Presumption  of  Honesty  of 

Prosperity  of— Basis  of 

Qualifications  of 
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44         Railway 
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— Aspirations  of 

— Charges  for  Transporting. . . 

a  u        —Definition  of  Titles  of 

44        — Dutyof 

44  u        — Growth  of  Associations  ai 

Among 

44        — Integrityof 

-Listof.: 

tt  tt        — Loyaltyof 

u  **        — Number  of 

44  tt        -  Strike  of,  in  1886 

44  *  .     —Tenure  of  Office  of 

44  tt        — Titlesof 

—Unfaithful 

*        —Versatility  of 

Recognition  of 
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44         Relation  of— to  Owners 
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Employes,  Taking  Time  of VII,  360-368 

Tipping V,  391-395 

Track— Rules  Governing Ill,  260-271 

Training  of II,  103 

Transferred,  Wages  of VII,  403 

M         Uncalled  for  Amounts  Due X,  197 

Unfaithful II,    92 

44         Unskillful IX,  38,    39 

Use  of  Intoxicants  by IV,  330 

44    *   Stationery  by VII,  137,  138 

•*         Value  of  Experienced n,    20 

u      u  — toEmployers IX,  15,    16 

44         Withholding  Wages  of IX,  388,  389 

44         Worn  Out— Provision  for II,    95 

44         Toung — Necessity  of  Especial  Supervision  Over. 

IX,29,    30 

Employer,  Condition  of — How  Improved II,    35 

44         — His  Knowledge  of  Labor  Performed I,  281 

44         Interest  of— in  Employe II,  31, 32,    61 

44         Loyalty  of  Employe  to II,  31,    32 

44         Relations  of— to  Employe II,  91-95 

Employers,  Co-operation  of— With  Employes X,  293-295 

Observation  of  Contracts  by II,    38 

Value  of  Employes  to IX,  15,    16 

Employment,  Ability  of  Capital  to  Find  Safe  and  Profitable. 

II,    34 

44  Rail  way— Opportunities  to  Find IX,    14 

Emulation,  Spirit  of I,  226 

End  Braces— Illustration,  Plate  III 1, 170  171 

44    Carline,  Platform  Roof— Illustration,  Plate  II 1, 116^117 

44        tt        Vestibule— Illustration,  Plate  II I,  116-117 

44    Door— Illustration,  Plate  III 1, 170-171 

44        ■*     Bracket— Illustration,  Plate  III 1, 170-171 

44        tt  tt        Wedge— Illustration,  Plate  III 1,170-171 

44     Chafing  Strips— Illustration,  Plate  III 1, 170-171 

44        *     Closed  Stop— Illustration,  Plate  III 1, 170-171 

44        tt     Hangers— Illustration,  Plate  III. 1, 170-171 

44        *     Hasp— Illustration,  Plate  III 1, 170-171 

44        *     Hood— Illustration,  Plate  III 1, 170-171 

44        tt     Open  Clasp— Illustration,  Plate  III. 1, 170-171 

*        tt         *     Stop.— Illustration.  Plate  III 1, 170-171 

44        tt     Seal  Pin— illustration,  Plate  III 1, 170-171 

44        tt     Staple—  Illustration,  Plate  III 1, 170-171 

44        tt     Threshold  Plate— Illustration,  Plate  III. 1, 170-171 

44    Fascia— Illustration,  Plate  III 1, 170-171 

44    Girts— Illustration  Plate  III 1, 170-171 

44    Grab  Iron— Illustration.  Plate  III. 1, 170-171 

44    of  Car,  Observation— Illustration,  Plate  II. 1, 116-117 

44    Piece  Plate— Illustration,  Plate  II 1, 116-117 

44    Plate-^ Illustration,  Plate  III 1, 170-171 
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End  Plate.  Body— Hhuun Hon,  PiaU  II 1, 11W17 

"      Tie  Ktul— Itl-*<rahun,  Flute  III 1,170-171 

«    d     ,     llt„.„  -(',„-    \  I'tate  II 1,116-117 

Po3t-mU"(»<""»",  ;/>,„,„,/, 1.170-171 

"    Rail,  Seat— tlUutraUon,  I'late  II 1. 116-117 

"     Kest.  S.'Bl— ("■"■'"■/.Oft.  J'lafe  //. 1,  116-117 

"     Seal— Itlugtm ti  tin,  I'lutr  II 1,  118-117 

«      N»l      Illuxtrotian*    I  r'""    " I.  11G-117 

Si].-/(!ii»(rn(ioiw, -(  ;,(N/p   /;/ 1,170-171 

"      "    Corner  Plate     Ht««traUa*t  Hair.  11 1,11(1-117 

"      "    Platform— /IJuWroKon.  Pfa'f  »  1.116-117 

"      "    Tie  Koil-n('i"'">'i«n,  Piatt  II 1,  116-117 

Eherffy,  Chewlual— Production  of  Electricity  by I,  397 

"  Heat  by 1,807 

K;<vtrii-al— Cooverslon,  of  Chemical  anO  Mechanical 

Knerny  Into 1,  409 

-Histrib.iUon   Of 1,414 

■  ■lll-.-i. 1,387 

'  -  — TrrniKUilSition  of I,  413,  413 

llrat     Pro.lmt.ion  of  Electricity  by I,  397 

I...1S0I 1,  398 

"        Median  tos  I— How  Mf&aureil. I,  403 

Production  or  Electricity  by I,  397 

-  Heat  by I,  397 

r.f  EleetrlcOnrretiW LflOJMOO 
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Engine  "Kodak,"  Direct  Connected  to  Generator,  Fitch  burg 

and  Leominster  Street  Railway— Illustration.  .1,  463 

44       Length  of  Time  kept  in  Service . .  .1. 247,  248 

44        Madras  Railway— Illustration I,  133 

41        Mineral  Tank— Scotland— Illustration 1,  123 

*       Neilson's  Twin  Goods— Scotland— Illustration I,  125 

44        Newton's  Experimental,  1680— Illustration I,    17 

44       North  Midland  Company's. I,   *8 

44        Operationof 1,83,    84 

14        Passenger — Description I,    66 

—Suburban I,  303 

—Through 1,303 

44        uPioneer,"  1836— Bald  win's— Illustration I,    39 

44        Saddle  Tank— American  Four-Wheeled— Illustration 

I,  105 

Stationary 1,108 

Steam 1,453,  454 

Superintendent I,    27 

Testing— for  Leaks I,  370 

44        —The  First  Built  for  Burning  Cumberland  Coal— 

Illustration I,    43 

in  America  with  a  Foiir-Wheeled  Bogie 

— Illustration I,    50 

44  **  u  to  Draw  a  Car  on  the  American  Conti- 
nent—Cooper's "Tom  Thumb,"  1829 
— Illustration I,    27 

with  a  Double  Fire  Box I,    49 

44     u  Rocking  Grate— Illustration  .  .1,    43 

44     Equalizing  Levers I,    51 

Tank I,  106 

Trimmings I,  286 

Truck— Illustration,  Plate  I I,  58-69 

Axle— Illustration,  Plate  I I,  68-59 

Box— Illustration,  Plate  I I,  68-69 

Brake I,  329 

Brass— Illustration,  Plate  I I,  68-69 

44  u        Equalizer—  Illustration,  Plate  I I,  58-69 

44  w       Frame— Illustration.  Plate  I I,  68-59 

44  "  a       Brace—  Illustration  Plate  I I,  58-59 

Pedestal— Illustration,  Plate  I I,  58-59 

44        Brace—  Illustration.  Plate  I I,  68-59 

44       Spring— Illustrat ion,  Plate  I I,  68-59 

Band— Illustration,  Plate  I I,  68-59 

Hanger— Illustrat  ion,  Plate  I I,  68-59 

14        Tire—  Illustrat  ion.  Plate  I I,  58-69 

44       Wheels—  Illustration,  Plate  I I,  68-69 

Trucks I,  286 

44        Type  Railway  Generator 1, 466-458 

14  u  w  "  Armature  of  —  Showing 
Winding  Connected  to  Commutator — Illustra- 
tion  I,  458 
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Engine  Type  Railway  Generator  Field  with  Brush  Holder 

— t,nOO  K iiowatt— Illustration I,  390 

u        Uncoupling  From  Trai n 1, 376 

Enginei.    (See  also  "  Locomotives.'') I,  258,  also  Vol.  XII 

Atmospheric Ill,  120 

"        Coal  Burning — Cost  of  Change  to  Oil  Hurtling I,  104 

"        Consolidation. I,  164 

Failure  of  Reporting. IV,  381 

"        Freight— Weight  on  Drivers  of I,     64 

"         Inspeetiou  of II,    47 

••  Air  Brake  Equipment  on 1,328,  328 

Loads  Hauled  by— in  America 1.  206 

Marine I,  103 

"        Passenger— Wfr;:lit  ma  Drivers  of I,    64 

Primitive  Application  of  Steam  to XI.  510-520 

"  "  "  "        "*       "  — Illustrations. . 

XI,  510-520 

"        Specific  NameR  for I,    45 

"       Stationary 1,68,  103 

for  Moving;  Trains Ill,  120 

"         Rtepheiisr-in's— Valve  Gear  of I,    48 

"       Switch— Weight  on  Drivers  of I,    64 

"        Switchi hi;—  1  >t'si'ripiii">n  of I,    65 

Two  or  More  Coupled  to  a  Train 1,320,372,  373 

Use  of  N  mill  jits  in  Iie.-ignating I,    45 

Weight  of I,  165 

Engineer.     (See  ulso  "Kngiiieman.") 

Chief II,  138 


u 
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Engineers'  and  Firemen's  Time  Book VII,  366, 376-379 

44         Books  and  Essays  Written  by I,  236 

u         Brake  and  Equalizing  Discharge  Valve,  with  Feed 

Valve  Attachment — Illustration  ...I,  351 

Valve I,  309, 315, 317, 319, 320,  538 

»     —Illustrations,  Plate  I. I,  58-59,  349 

44     — Instructions  to  Enginehouse  Fore- 
men and  Inspectors I,  328 

44  -  44     —Operations  of 1,349-352 

44  tt  with  Feed  Valve    Attachment  and 

Duplex    Air   Gauge  —  Illustra. 

Hon 1,316 

u        Characteristics  of IV,34,    38 

44         Civil— Requisitions  of VII,    72 

44         Electrical — American  Institute  of I,  391 

44         Equalizing  Brake  Valve— Illustration I,  539 

tt         Fuel  Delivered  to VII,  334,  335 

44         Influence  of —on  Consumption  of  Fuel VII ,  173 

44         Instructions  to I,  315-321, 363-369 

44         Lever  in  Connection  with  Reversing  Gear— Illus- 
tration.   I,    91 

44         Licensing II,    47 

u         Locomotive — Brotherhood  of II,    53 

44         Practical  Knowledge  of  Fuel  of VII,  170 

44         Rules  Governing IV,420-428 

Stakes,  Care  of Ill,  244 

Valves 1, 305, 306, 313, 334, 347-549, 353,  354 

44         Wages  of VII,  365 

"Engineering" VII,  462 

Engineering  Department II,  136-138 

of  the  Navy I,  234 

44  Recognition  of I,  234 

Profession II,  223 

Engineman.    (See  also  "Engineer.") 

—Meaning  of  Term IV,  335 

Enginemen.    (See  also  "Engineers .") 

44  Dangers  to— How  Minimized I,  198 

u  General  Instructions  to I,  315-321 

Responsibility  of IV,  359 

England,  Accounting  for  Material  and  Fuel  in VII,  528-530 

44         Adjustment  of  Claims  in VI,    21 

44         Capitalization  of  Railways  in Ill,  65-71,  85,    86 

Carriage  of  Parcels  in V,  517, 520,  521 

44         Collection  of  Fares  in V,  182-188 

44        Construction  of  Locomotives  in I,    28 

Cost  of  Block  System  in IV,  141 

Operating  in 111,145,  146 

Early  Signals  in IV,  247-249 

Experience  of  in  Connection  with  Compartment 
Car 1,177 
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Kngland,  Fog  Blfrnallns  in IV,  371,  272 

"  Form  of  Cylinders  in  General  Use  In I,    88 

RiLiiRBl'gedin Ill,  194 

Great  Northern  Railway  of...  Ill,  267-270;  IV,  331- 
334,  3-T.l,  34-1,  340.  3(ill,  UGH.  .'ITS.    I0i,  405, 
407-109.  411,  414,    418.  419,  432;  V,  225.  640 
"       Western  Railway  of,... Ill,  179,  191,  193;  IV, 

3)1,3-19.  3.-.ll.3S->..1fl7,  410.  42".  133:  V  227.  229 

Heating  <'arn  in V.334,  235 

Introduction  of  Link  Motion  to I,    48 

"  Ih<-("ab  In... I,    56 

Keeping  Time  of  Employed  lo \  II.  Ml.  532 

Labor  RbWiw  in II,     37 

Lighting  CarH  in IV.  173 

Mall  Servi.-e  in V.  560 

Maintf  naiii-o  of  Track  in III.  307-309 

"         Maximum  Kates  in.      VIII,  136 

Method  of  Heating  Passenger  Oara  In I.  173 

"  Opening  Kailromls  for  Itufinees  in. VIII,  300 

Opposition  to  rbiilwuysln Ill,  117 

Payment  of  Wages  In .X.233.  234 

lVi  !■■■-...■:  ..f  >.'.■!  v   Apiiliaucen  In  ....     IV.  141 

Pooiimriii vin.   70 

Prai-tiii-ln VIII.    S4 

"-■if  ihimlling  Supples VII.  101,  105 

"  Private  Freight  t  are  In ....11.    45 

ProldiiitiseKatesin    VI    37 
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English  Fish  Belly  Rail,  New  Jersey  Railroad— A.  D.  1832— 

Illustration Ill,  203 

Freight  Cars I,  172 

rt       Permanent  Way,  Section  of— Illustration HI,  313 

u       Railways I,    50 

Costof Ill,  148 

44  u        Fiscal  Affairs  of .• VI,  318-333 

44       Time  Tables IV,  78,    79 

TrainRules IV,  331, 334, 340, 

343-346,  348-350, 357,  360-364,  366,  367, 374, 377- 
382,  402,  403,  405-419,  421,  424,  425,431-435,441,  461 

44       Useof  Portable  Railroads  by I,  222 

Englishman,  Personality  of  the 1, 150 

Engraving Ill,  158 

Engravings  of  Electrical  Apparatus I,  391 

Enlargements,  Charging  to  Construction VII,  455 

Enlightenment,  Associations  of  Employes  for I,  229 

Entellus XI,    91 

Enterprise Ill,    79 

Enterprises,  Great— Requirements  of II,    33 

Entrances,  Passenger  Car I,  176 

Envelopes,  Remittance X,  263 

Environment,  Influence  of II,  vii 

Epaminondas XI,    87 

Epeus XI,    91 

Equalization  of  Pressure 1, 342, 356, 360,  361 

Equalizer — Illustration I,    60 

44         Engine  Truck— Illustration,  Plate  1 1, 58-59 

44         Fulcrum  to— Illustrat ion I,    60 

44         Side  View  of— Illustration I,  110 

Equalizers,  Driver  Spring— Illustration,  Plate  I. 1, 58-59 

Equalizing  Bar— Illustration,  Plate  II. 1, 116-117 

44  *    Spring— Illustration,  Plate  II 1,116-117 

44  u       u        Cap— Illustration,  Plate  II. 1, 116-117 

44  •*  •»       Seat—  Illustration,  Plate  II 1,116-117 

Brake  hewer— Illustration,  Plate  II 1, 116-117 

Valve,  Engineer' 8 — Illustration I,  539 

Discharge  Valve,  Operations  of 1, 349-352 

Lever,  Effect  of I,    52 

Levers.   I,  61,  110 

Piston I,  328 

Reservoir  for  Engineer's  Valve — Illustration .  .1,  539 

Equipment, Adaptation  of,  to  Traffic Ill,  168,  169 

Air  Brake— Inspection  of I,  328,  329 

Apportionment  of  Wear  ami  Tear  of VII,  507 

Carrying  Capacity  of— On  What  Based VI,    61 

Comparison  of  English  and  American. .  .111, 147-149 

Construction  and  Maintenance  of I,  288 

Cost  of  Keeping  in  Repair Ill,  478,  479 

Defective IV,    60 
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Equipment  Department 11,176,  30&n-Ju5r 

Difference  in I.  119 

"  DhCoMlOM  n[  Mature  Kelatlng  to I,  2«9,  290 

"  Duration  of. Ill,  424 

"  Effective  I'sool— Upon  What  Dependent VI,    53 

*  EsptiiHi'rt  nl  Inadequate Ill,  427 

"  Superabundant. 111,428 

Fretent— ofEnjtJIeta  Railways. I,  17i 

"  Handling— ft  tli.i  Planing  Mill  ami  Car  Shops.. 

I,  274,275 

"  Inspection  of.-  IV,    60 

Limitations  <>l VI,  49.61-53 

"  Maintei;au.u  of Vll,  471MS5,  616-518 

"  Motor  Car. 1,  488 

i.(  K:M-trit  Kuada 1,489-506 

"  KepalrSl.opn 1,237 

"   Uun  ml  houses I,  243 

"  "•  Shops.. 1,859 

"  Pasflcrijjet — Advance  In I,  165 

Purchaeeof VII,    84 

"  Kail  way I 

"  Construction  of I,  138 

"  iotbel'nlteilState*...!,  141 

Manufacturers  of I,  126 

■   of  final  Britain III,  129 

"  "        Sirilu  of  Manufacturers  of 1.  140 

Beiicwnlii.f ...     II],  399 
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Errors,  Correcting IX,  361-366 

44       in  Footing  Way  Bffls IX,    59 

44   Way  Bills VI,  183,  186 

tt        Settlement  of  Claims  for -• VI,  293,  294 

Eryax XI,    91 

ErythreanSea XI,  111 

Escutcheon— Illustration,  Plate  II I,  116-117 

Esdraelon,  Plain  of XI,  104 

Essays—  Written  by  Engineers I,  235 

Estimates,  for  Bail  way  Construction  Work II,  168 

w         of  Cost  of  Constructing  Railways m,    31 

Estray  Baggage,  Tracing  for V,  342-346 

44      Freight .' VI,  165-168 

Etiquette,  in  Corporate  Life II,    83 

Euphrates,  Boats  Used  on XI,    81 

Europe  Baggage  Allowed  in V,  888,  289 

*        in V,  284-286 

Billing  Baggage  in V,369-376 

u       Business  Methods  of. VIII,  233 

44       Capitalization  in Ill,  142 

44       Carrying  Capacity  of  Cars  in VI,  51,    52 

Carsof IV, 316,  317 

Central XI,    54 

44        Charges  for  Storing  Freight  in IX,    81 

Electric  Railways  in I,  505,  606 

44       Freight  Traffic  of VI,  8-11 

44       Gauge  Used  in Ill,  194 

44       Government  Management  in VIII,  251 

Lighting  Cars  in IV,  173 

44       Methods  of  Heating  Trains  in V,  232-236 

44       Miscellaneous — Its  Primitive  Associations  and  Means 

of  Carriage XI,477-488 

44  **  —Primitive  Carriage  in—  Illustration 

XI,  477-488 

44       Passenger  Rates  in V,    25 

44       Practices  in VIII,    55 

a       Railway  Travel  in I,  202 

Useof  Private  Cars  in VI,    73 

44     *  the  Air  Brake  in 1,204 

European  Railways,  Construction  of II,    26 

Cost  of Ill,  163, 164 

44  tt  Operationof II,    26 

44  *  Safety  of II,    26 

Euryalus XI,    91 

Evaporation  in  Locomotive  Boilers I,    73 

Evolution,  Man's— How  Shown I,  296 

of  Cars    ..I,  166 

44    Labor 11,32-56 

41    Man XI,  9,10,39 

44    Money XI,    13 
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lutlon  of  Property .XI.      B 

"     Kullrosds I,  230;  111,  108-123 

"     Hie  AlU'rnatlnjf  ('orrerit  Motor ...    1,415 

Brakfl 1,  SBI  -314 

"      "    i.'arSeat 1.188,187 

"     t'oal  Burnet  SmukfiMack—  Iltuatratwn.    J,    69 

-  "    Locomotive I.  16,  46.  529 

Kail     -1, 1B3-I6-I;  II,  213;  III,  12tt,  176-178,  304 

•'     Hnilwav  Motor ..1.472 

Wheel !Y.lfi7-195    I 

"    Trark 111,174-205 

•'    Transportation I,  169;  111.  10B 

-  Vehicles I,  156 

iiiiiallc.li  of  KriKiiietTB 1....IV,  60,    61 

-  Station   Aivounta IX.80,    81 

-  Trainmen IV,  304.  306 

initiations  for  <'u:»r  ll.ii><lm"« IV,  240-213 

\nr,.i:i  i.f     iii  '1'raui  Service rV,    19 

Slsi'.iiHi     !■>*  'I'ravi-'inj;  Auditors 

IX.  •If.  -SH.-M-im,  24W.  2S4-28S 

miner-.  Mciiial-Kelier  Department X,  301,  312 

»■  luggage v.  371 

Billing V,  478-403.  495 

Cuaraea  for V.fii,    83 

ciicckdiK V,443.443 

Coupons   - V,  470.  47G.  49B 

Devices  of  l'i-»«-ngPrB  to  Ksiaiie  (  Iiargee  for 
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Excess  Baggage  Traffic,  Organization  of V,  469 

*         Way  Bills V,  449,  460, 

486,  487,  489,  495,  496,  601,  502,  604 

u  a  u       "—Austrian V,  493 

44      Fares,  Collection  of V,  192, 193,  196 

44     Refunds  of V,  196 

"Exchange" VII,  462 

Exchange,  Accounting  for - X,  180 

Checks,  Mileage V,  211 

Orders V,  206 

Excursion  Card  Tickets. V,    95 

Tickets V,  92, 99, 107-111 

44  u        Auditing X,126,  126 

English V,  239 

Traffic V,108,  110 

Excursions II,  250 

44  Announcements  of V,115,  116 

u  Organizing  and  Promoting V,  113 

Executive,  Chief— Duties  of 11,143, 160,  151 

44   — Influenceof II,    81 

tt  tt   — Titlesof 11,143 

44         Department II,  138 

44         Officers,  Duties  of II.  74,  75,  132 

Exemptions  of  Carriers VI,  283-293 

Exhaust  Connection.  Pump — Illustration,  Plate  J. I,  58-59 

Nozzle — illustration I,    65 

Pipe,  Air  Pump— Illustration,  Plate  I. I,  58-59 

44       Process  of  Conveyance I,  274 

44        Steam  Pipe — Illustration I,  539 

Triple  Valve I,  327 

Exhibits,  Daily— of  Passenger  Earnings V,  156-158 

Fixed— of  Railways X,    62 

Railway X,  145 

44       —Governmental X,  43,    44 

44        Valueof VII,  233 

Expanding  Geuerator  Coil— Illustration,  Plate  II 1, 116-117 

Expansion  Link— Illustration,  Plate  I. I,  58-59 

44  Pad— Illustration,  Plate  I I,  58-59 

Expend  iture,  Limit  of — for  Safety  Appliances Ill,    38 

Expenditures VII,  227-632 

Classification  of VII,  31 1-31 5  ;X,    32 

Construction 11,187,  188;  111,137;  VIII,  293 

—Capitalization  of Ill,    76 

44  Interest  of  the  Community  in..  Ill,  166 

Constructive Ill,  418 

for  Improvements II,  189 

Growth  of Ill,  413 

Organization III.  414 


u 
it 


u 


44 


44 
44 


44 


134  GENERAL  INDEX. 

Expenditures, PenTi.in.-nt VII,  535 

Relation  ,>r— to  Capitalization VIII,  193 

"   Truffle  to II). 413-428 

Temporary ....VII.  635 

Expense.  Between  I>\  namo  and  Car I,  451 

Bill  (Sn.-nlKi-Fri-lKt;t  BUI") VI,  197 

Expenses.  ClMsiiWti.m  of ....VII,  381 

Corauniii  -Apportioning VII.  602,  511 

"  Comparison  of II.  109 

"  Current  — niarjfitijj. X,  28.    30 

DlTlKlOn  Of X,     30 

"  Fixed— Mi-uoing of  the  Term.   .   III.  413 

-       '  ij*Mttri« Ill,  413-420 

General VII,  4U.J-497.  623.  624 

Intlmsruesof  Traffic  un... Ill,  41U-421 

Notarial-fort  of III.  158 

Operating 11,109;  VIII,  293 

"  "  —Apportionment  of,  an  ISetween  Psaaen- 

t;er  and  Freight  Bualneas.    . .  X,  154-176 

Apiiorlionrnpnl  of,  to  Divisions 

VII,  600-524 

—Charges  to VII,  456 

— Definition  ol X,  179 

— nfh\-i:il  Clagsiflratlonof VII,  473-499 

—  Reduction  of II,    27 

— Kef 
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Experts,  Expenses  of Ill,  161 

Explanation  of  a  Popular  Form  of  Automatic  Air  Brake..  .1,  638 

Explosives,  Use  of— by  Railways VII,  214 

Express  Accounts V,  641 

44        Agencies,  Classification  of V,  641 

and  Mail  Service V,  615-663 

44        Business,  Relation  of— to  Baggage V,  304 

44  *         Revenue  From V,  304 

44        Cars,  in  Passenger  Trains IV,  379 

44        Charges,  Collection  of V,  623 

44        Companies,  Advantages  of V,  627,  528 

Methods  of V,  537-651 

44                u           Rates  Exacted  of— in  United  States  .  .V,  621 
**  u  u      0j -y   533  53Q 

44  tt  Relation  of— to  Community .V./.V,'  630,  631 

44        Earnings,  Definition  of X,  178 

44        Locomotive,  Italian— Illustration I,  129 

44  tt  of  Chemins  de  fer  de  l'Etat  Beige— 

Illustration I,  128 

Messengers V,  518,  519,  539,  640 

44        Packages,  Unclaimed V,  346 

44        Sending  Money  by X,  266 

44        Service,  Beginning  of XI,  151 

in  United  States V,  537-551 

•        Settlements V,  550,  561 

Traffic V,  468,  517-636;  VI,      9 

44       Expenses  Attending V,  526,  527 

44        Way  Bills V,  643,  544 

Extension  End  of  Boiler—  Illustration I,    98 

44  Front— Illustration,  Plate  I I,  58-59 

Extensions,  Construction  of II,  211 

Extra  Hose — Instructions  to  Enginemen I,  321 

44         u  a  "Trainmen 1,328 

44      Train— Meaning  of  Term IV,  317 

44      Trains IV,  352,  353 

Extras  Book,  English V,  249 

Extravagance,  Effect  of Ill,  124 

44  in  Construction . .  .Ill,  161 

Eye  Bolt,  Check  Chain— Illustration,  Plate  II I,  116-117 

Eyesight,  Defective IV,  224-243 


Face  Plate  Buffers— Illustration,  Plate  II 1, 116-117 

*        *      Diaphragm— Illustration,  Plate  II 1, 116-117 

44        u      Inner— Illustration  Plate  II I,  116-117 

44        tt      Retaining  Chain— Illustration,  Plate  II  . .  .1,  116-117 

Facilities,  Conformity  of— to  Public  Needs I,  201 

Effect  of— on  Cost  of  Operating Ill,  427-432 

for  Care  and  Maintenance  of  Rolling  Stock I,  238 

Natural — Differences  in , . , .  .1,  121 
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Futilities  of  Shops I,  838 

Power I,  sea 

Station Ill,  410,  411 

Terminal— o>»t  of ill,  409 

Facing.  Dolt  Sl!l     ll(H»lratwn,  I'lale  11 1,  118-117 

Machines. ■  ■ ■ I,  269 

Faculties.  Di'i-ay  of II,    22 

Failures,  Air  Hrahe—  Canseof 1,376,  376 

Fair,  Institution  of XI,    72 

"    Tickets V.92.107 

Pairs,  Ancient    XI.  132 

-      Notice  of— to  OrhVia's V,  113 

Faithfulness, Recognition  of— in  Corporate  Life II,    IB 

Kalllnit  Water 1,393 

Fung  Bolte 111,197,198 

Faraday IV.  176 

Fare, Thin)  Tin-  —  in  KiiKhiml I,  169 

Fares,  U&ati— Collection  of    V,  181,  183 

Rules  Governing V.1BI.  198 

Collecting  on  Wavhille V.  163-156 

Collection  ..[     '  ,V Imtore IX.  118,  119 

•'    -in  England V,  182-188 

-      -o.i  Freight  Train* V,  161-166 

!-;„.,■. — t  „|iertionof V,  102.  IBS.  196 

IMi.n.liMif V,  196 

Passenger    (  nllncteri  on  Freight  Trains VI,  317 

I'.vi.iei.tof— to  loiiiluototx V,  118 

-Regulations  Governing V  J.  42-18 
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Feeder,  Booster  on  Long—  Tllustrat ion I,  433 

Feeder,  Panel : I,  461 

Feeders I ,  431-433, 435, 436,  462,  463,  488 

Trolley  Circuit  Supplied  by— Illustration I,  433 

Feeding,  Direct,. . 1, 431-434 

Feeds,  Automatic ' I,  269 

Fence,  Barbed  Wire— Illus tration Ill,  341 

Fences 111,256,  352 

"Fences" VII,  462 

Fences  Between  Tracks IV,  121 

Cost  of  Keeping  in  Order Ill,  422,  423 

44       Effect  of— on  Costof  Operation Ill,  392 

44       Maintenance  of Ill,  300 

u       Snow— Use  of Ill,  302-306 

44  ,    Supplies  for VII,  111,  112 

Fenton,  Murray  &  Company I,    32 

Fernow,  B.  E Ill,  350, 370, 373-375 

Ferriage,  Record  of  Cash  Collected  for VI,  220,  221 

Fertilizing  Matter,  Cars  for  Handling I,  224 

Fetes,  Notice  of— to  Officials V,  113 

Fever,  Typhoid I,  181 

"Fiat"  Money Ill,    17 

Fidelity  of  Officers  and  Employes— Its  Value II,    63 

Meld  Coil  for  Railway  Motor— Illustration I,  472 

44     Magnetic 1, 399, 405-407 

a  tt       —Increasing  the  Strength  of I,  400 

44     Poles 1,406,  408 

44     Strength— How  Limited 1, 427,  428 

u     Winding,  in  Booster  System I,  435 

Filament,  Lamp 1,399 

Filings,  Iron 1, 399,  400 

Filler,  Water  Tank— Illustration,  Plate  II 1, 116-117 

Filling  Funnel— Illustration,  Plate  II 1, 116-117 

«        Pipe— Illustration,  Plate  II. 1, 116-117 

44        Valve  Cover— Illustration,  Plate  II 1, 116-117 

Fills Ill,  225 

Finance  Committee II,  131 

Finances,  Local II,  285 

44         Management  of Ill,      7 

Financial  Department II,  137 

Discipline  in IX,    33 

Financing Ill,  5-106 

Findlay,  Colonel .  .II,  15,  207, 209 ;  III,  139,  307 ;  IV,  78,  79, 87,    94 

Fines IV,  24,  30-32 

44      Enforcement  of VII,  368 

44      for  Misrepresenting  Freight VI,    25 

44      Mail  Service V,  557-659 

Fire,  Agents'  Reputed  Losses  bv IX,  245 

44    Basket,  Early  English— Illustration I,    57 

44       —The  First  Headlight 1,    57 
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First  Electric  Railway I,  620 

FreightCar I,  204 

Passenger  Mogul,  1876 — An  Engine  with  Six  Drivers 

and  a  Bogie  Truck— Illustrat ion I,    46 

u     Rail  Rolled  In  America,  Baltimore  &  Ohio  Railroad— 

Illustration JH,  233 

44     Railway  Train  in  the  World— Trevithick's  Engine,  1803 

— illustration 1,    20 

u     Ten-Wheeled  Passenger  Engine,  "Thatcher  Perkins," 

1863— Illustration I,    46 

u     Truck  Engine,  "Brother  Jonathan,"  1832— Illustration. 

I,    34 

Fiscal  Affairs,  Collection  of  Revenue IX 

Expenditures..* VII,  227-632 

44  u        General— Methods  of  Handling X,    60 

44  of  Agents IX,  219-249 

44  "  English  Railways VI,  31&-333 

44  u        Principles  and  Methods  Governing. VI,  77-92 

44      Data,  Value  of VII,  233,  234 

44      Duties  of  Agents  and  Conductors IX,  293-434 

Fish  Bolts. Ill,  181 

44     Carriage  of V,  619 

44     Commission,  Transportation  for V,  144 

44     Plates,  Introduction  of. Ill,  181 

44        u        Styles  of m,  182 

Fitness,  Employes'— Test  of IV,  331 

Fitting,  Angle—  Illustration,  Plate  II. 1, 116-117 

Tee— Illustration,  Plate  II 1, 116-117 

Fixed  Charges— Meaning  of  the  Term III.  413 

44     Expenses— Meaning  of  the  Term 111,413 

44     Operating  Expenses     111.413-426 

44     Signals,  at  Train  Order  Offices IV,  391 

First  Forms  of IV,  246 

44  tt       Rules  Governing IV,  349,  360 

Fixtures,  Locomotive — Number  of I,    89 

Wear  and  Tear  of Ill,  299 

Flag  and  Lamp  Holder— Illustration,  Plate  II 1, 116-117 

44    Signals,  Early IV,  248,  263,  255 

44    Size  of— American  Standard IV,  481 

Flags,  Use  of IV,  340,  342 

44    *  —on  Trains IV,  314-346 

Flagmen IV,  253 

44        —Protection  of  Trains  by IV,  355,  356,  359 

t       *        —Tools  of IV,  433 

Flagstaff—  Illustration.  Plate  I I,  58-59 

Flame.  Flat 1.102 

Flange  Grooves I,  304 

44        of  Wheel— Illustration,  Plate  II 1, 116-117 

V-Shaped I,  304 

44       Wear,Causeof 1,379 
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Flange,  Wheel I,  304 

-    —iHiMiraticm,  Plow  III 1,170-171 

"     —  Application  of  Brake  Shoe  to I,  304 

Plunged  Brake  Shoes I,  303-306 

Wheels,  Introduction  of III.  177 

Flanges 1,48;   111,  111;  IV,  196, 197 

Wheel  — Importance  of IV,  210,  211 

Flashing  at  the  Commutator 1,418 

Flat  Car.  Bra7.il i:iri— Bbtatratton I,  153 

"  itirTrent  Britain I,  »7 

"         "   Steel  —  American—  Illustration I,  153 

—View   of    Under   Side—  Illustra- 
tion  I,  154 

"     Cars * 1,121 

'■    Standard  American— m**tmtton 1, 168 

Floating  Debt Ill,    80 

"      Interest  on— Accounting,  for X,  180 

Lever  -llluatraHon,  Plate  III. 1,170-171 

and   Live  Truck  Lever  Connection — Illustra- 
tion, Plate.  Ill I,  170-171 

"     Fulcrum— IlluatmttQ*,  Phitt  III I,  170-171 

or  floilge  Lever-  lllnxtration,  Plate  II 1,116-117 

Car— /ffatfowfto*,  Plate.  II 1, 116-117 

mo.'k,  Grain  \>aar—IlUc»tration,  Plait  III I,  170-171 

Charging I,  258 

Holders I,  258 

of  Planing  Mil! I,  274 

"  Roundhouse t...    I,  243 
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Fog  Signaling,  in  England IV,  271,  272 

Folders V,  115 

Follower  Center  Stem— Illustration,  Plate  II 1, 116-117 

44         Straps,  Draw  Bar— Illustrat ton,  Plate  ///....  I, 170-171 

Followers,  Draf  ^-Illustration,  Plate  II I,  116-117 

44  Draw  Bar— Illustration,  Plate  III 1, 170-171 

Food  Products,  Rates  on VIII,  8,  149 

Foot  Board— Illustration I,    60 

44     Guard  Over  Heating  Pipes—  Illustration,  Plate  II,  1, 116-117 

44     Plate— Illustration,  Plate  II 1, 116-117 

44     Pounds I,  403 

44     Rail— illustration,  Plate  II 1, 116-117 

u     Warmers 1,173 

44  *         Use  of— in  Europe  for  Heating  Cars V,  236 

Force  About  Shops  and  Roundhouses I,  232 

44      Brake— Cylinders  for  Applying I,  298 

44      Building  Up  a II,    23 

44      Centrifugal — Counteraction  of,  on  Curved  Track 

jjl  jgy   igg 

44      Clerical— at  S tations ." . ! ! " . . . . . . . . ! ! .' ! .' .' .' .' .' !..../.  IX,'  303 

44       — Skillof 111,468,  469 

44      Electrical I,  253 

44      Electro-Motive ...  1, 397,  411 ,  419,  420, 422, 423,  429,  431, 

432,  433, 436,  445,  446, 460,  475,  476 

44  u  M       Measure  of 1,401 

44  tt  u       Productionof 1,406 

u      Magnetic— Lines  of I,  406 

44      Operating — Government  of II,    71 

—Of  Corporations II,    83 

—Organization  of II,    71 

44      Pump 1,76,77,    79 

u  tt    —Illustration I,    79 

44  u    Electric  Power  Compared  with  a I,  404 

44    — HowOperated I,    79 

a      Railway— at  Headquarters Ill,  418,  419 

— Changesin II,    67 

44       —Characteristics  of II,    13 

— Divisionof II,  19,    20 

— Equalityof II,    14 

44       —Favoritism  in II,    14 

44       — Incompetency  in II,    21 

44  u       — Mental  Requirements  of * .  II,    15 

44  u        — Moral  Requirements  of II,    15 

*  u       — Natural  Adaptation  of  Its  Members II,    15 

44  u       — Physical  Requirements  of II,    15 

44  tt        —Principles  Governing II,  97-107 

44  tt       —Relation  of  Officers  to  Subordinates.. II,  17,    18 

—Supervision  of II,  201 

44  u       —Value  of  Practical  Experience  to II,    20 

41     Roundhouse , ,  .1,  247 
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Force.  Station— Rules  ami  Regulation*  69TCNtfatg ,  ..II,    U 

SiilicnLsun  -   fur  Hi-/  Oui'  !iiiil.MamU'jiiiii'ri?(>L'H*.>lliti){ 

Stork I.  233 

"      "       "    of  Cars I,  ITI 

"      Technical Ill,  -170 

"      Track— Rules  mid  ltegiduUotis  Governing. II,     14 

"      Train 1 1 .  2iW>;  1 1 1 , -ITd;  1  V.  33-50 

"      mill  Station -CtMrfwteriMidi  of IV,     13 

English IV,  MS 

—Hours  of  Work  Of IV,     10 

— Qualifications  of IV,  13.    II 

— Selection  of IV,  27,    28 

Forces,  E lei n en tnl— of  Labor  and  Capital II,    38 

"       EngiuecniLi:  and  Mechanical 1,389,  300 

"       Railway—  1  Helpline- of II,     18 

Necessity  of  '.'ouragu  In - II,    18 

"  "  "    Esprit  do  t'orpa  In II.     18 

"  "  Intelligence  in II,    IS 

"    lutereitiii II.    13 

Ll       Regulation  of— in  Shops I,  333 

Forolosure    Ill,    87 

Fowkisures.  Mortgage Ill,    115 

Foreign  Agent II.  13B 

"        AgiTil,-".  Apportionment  of  Out  of  . ...   VII,  Bus 

Cars. VI,    54 

"       Rules  Governing  the  Use  of VI,  65,     tH5 

"        Coupon  Tickets V,    88 
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Forging  Press I,  263 

Foik  Motion I,    48 

44     Valve  Motion,  Stephenson's  Locomotive— Illustration 

I,    48 

Forms,  Absent  Sheet VII,  554 

Abstract  of  Interline  Way  Bills  Received VI,  443 

44  *  Parcel  Traffic  Way  Bills f. . V,  608 

u       Advice  of  Special  Journal  Bill VI,  431 

*       "        "  *  u    Voucher VI,  432 

u  "to  Agents  at  Stations  Where    Conventions 

and  Other  Similar  Meetings  Are  Held  to 
Sell  Parties  Presenting  Certificates  of 
Attendance  Thereat  Return  Tickets   at 

Reduced  Rate V,  573 

44       Agents'  Freight  Journal X,  370 

44  u       Monthly  Balance  Sheet  or  Account  Current. 

IX,  444,  445 

u  "       Notice  of  Errors  and  Omissions  in  Interline 

Way 
Bills. VI,  361 
"  u  u       *        u  u  «  "   Local 

Way 

Bills. VI,  360 

•  u       Report  of  Wood  Disbursed VII,  591 

u  **       Return  of  Amounts  Charged,  Collected  and 

Refunded  for  Car  Service VI,  425 

Ticket  Journal X,  368 

Ancient VII,  229 

44       Audited  Accounts  Cash  Book X,  380 

44       Auditor's  Register  of  Bills  Against  Individuals  and 

Corporations X,  365 

"    Vouchers   Upon    Which    All 

Bills  in  Favor  of  Parties 

Are  Entered X,  364 

44       Baggage— Explanation  of V,  491-493 

Receipt  and  Way  Bill V,  607 

Bill  Against  Individuals,  Firms  and  Corporations.. . . 

yjl   599 

of  Ladin^SririnaY  435 

Blotter  for  Taking  Quarter  Time .-. VII,  562 

Bond  of  Drayman  for  the  Payment  of  Charges  and 

the  Faithful  Delivery  of  Property.  .IX,  456 
44  u      u  Indemnity  to  Be  Filed  with  the  Company  in 

Case  of  Lost  Documents VI I,  572 

44  u     to  Be  Exacted    for  the  Payment  of  Freight 

Charges  When  Agent  is  in  Doubt  as  to 
the  Ability  or  Disposition  of  the  Debtor 

to  Pay IX,  455 

44       Bonds  Guaranteeing  Drafts  of  Country  Banks 

IX,  459,  460 
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Forma,  Bridge  ami  Building  Time  (anil  Distribution)  Book,. 

VII,  B 

Card  Way  Bill VI,  4 

"       Certificate  ol  Bondsman IX,  4 

"       Clearance  Card IV,  4 

"        C.  0.  D.  Advice  to  Destination  Line  of  Bngjfnge  For- 
warded Unpaid V,  ti 

Conductor's  Balance  Sheet V,  G 

"  "  Exchange  Check V,  r. 

"  "  Record  of  Freight  Load«d  at  Stations 

where  there  Lire  no  Agent* VI,  3 

Report  of  Time  of  Train  Crew. VII,  E 

Return    for    Freight    Carried    In    TLelr 
Trains. ..VI,  4 
"  "  *  "      Freight     Loaded     at    Sta- 

tions   where  there  are 

no  Agenta VI,  8 

Ticket  Journal X,  3 

"  Waynilling  Directions  for  Freight  Load- 

ed   at    Stations   where   there  are   no 

Agents VI,  3 

Daily  Record  of  Closing  Number*  and  Monthly  Sum- 
mary of  Local  Tickets  on  Hand, 
Received,  Sold,  Spoiled  and  Re- 
turned   ......V,  6 

"  OIL,  Waste  and  Tallow  Delivered 

to  Locomotives VII,  5 

"         "       Return  of  Freight  Earnings VI,  4 

"  "        Statement  of  Interline  Wav  BilljFnrwarded.VI.  d 
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Forms,  Form  of  Bequest  for  Voucher VI,  430 

*  to  Be  Used  by  Agents  When.  Tickets  Are  Is- 
sued in  Exchange  for  the  Tickets  or  Or- 
ders of  Other  Companies;  Also  for  Gov- 
ernment Bequests,  Etc V,  576 

*  u     Used  in  Way  billing  (Checking)  Baggage    in 

Europe,  as  Amended V,  596 

**       Freight  Auditor's  Notice  to  Agents  of  Errors  and 
Omissions  in  Abstracts  and  Summaries,  Freight 

Forwarded VI,  424 

u       Freight  Auditor's  Notice  to  Agents  of  Errors  and 
Omissions  in  Abstracts  and  Summaries,  Freight 

Beceived VI,  422,  423 

u       Freight  Auditor's  Notice  of  Errors  and  Omissions  in 

Interline  Way  Bills VI,  372 

44       Freight  Auditor's  Notice  of  Errors  and  Omissions  in 

Local  Way  Bills VI,  371 

Freight  Bill VI,  440 

(Expense)  Bill VI,  362 

tt       General  Balance  Sheet X,  183 

CashBook X,  377,  378 

44       Distribution  of  Labor  Book VII,  686 

u   Material  Book VII,  563 

FuelBeport VII,  592 

Ledger X,  362 

44  Journal X,  363 

tt  "       Time  Book VII,  550 

44       Guaranty  for  Freight  Charges VI,  436 

44       Inspector's  Beport  of  Ties  Inspected VII,  577 

44        Interline  Baggage  Check V,  598 

Way  Bill VI,  438,  439 

44       Invoice  and  Beceipt  for  Tickets V,  568 

44      of  Material VII,  576 

44       tt       tt        Purchased VII,  670 

44        Junction  Beturns  of  Interline  Way  Bills VI,  402,  403 

44        Kirkman's  Bank  Check  and  Becord  Thereof X,  385 

Late  Slip...: VII,  555 

"       Letter  of  Advice  to  Paymaster  Identifying  Employe 

VII,  569,  570 

Listof  Uncollected  Bills IX,  446 

44         u     tt  u  a    Transferred    to    Incoming 

Agent IX,  452 

44       Loaded  Car  Ticket VI,  353 

44       Local  Baggage  Check V,  597 

44       Locomotive  Engineer's  Trip  Beport  of  Time  Worked 

VII,  557 

Beport X,  381 

44       Material  Shipped  Away  by  Section  Foreman  . .  .VII,  547 
44  •*         Used  by  Section  Foreman  for  Repairs  of 

Boadway  and  Track VII,  545,  546 
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Forms,  Mitenjre  Exchange  Check V,  I 

"       Modern VII,  229.  5 

Monthly  Abstract  of  Inter] int.  Wsv  [tilli.  Forwarded 
.VI.   ' 
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"         "    Supplies  Received  anil  Expciiwfl 

Incurred  at  Siockynulu  .VII.  69G 
Return  nn-1  Apportionment  Detail  of  Inler- 

line  Ticket  Sales X,  883 

"        of   Cl no'.lltifB   lift    Tonnage)    [or 

Freight  Forwarded VI,  420 

"  "  Commodities  (lu  Tonnage)  Way. 
billed  Through  from  Sta- 
tions on  Oilier  Railroad.,  VI,  431 

"         "    Kn-c»*  tlaggage V,  BOB 

"    Interline  Ticket  -Sales V,  681 

"    Local  Ticket  Skies V,  B9M89 
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"   Kcrapon  Hunt) VII.  S83 

-    I'nrefunded  Charges VI,  361) 

Statement— Various  Persons VII,  600 
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I  "   Local  Way  Dills VI,  414 
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Forms,  Orders  for  a  Train  to  Run  or  Work  as  an  Extra 

Train IV.  471,  472 

*  **       Giving  all  Regular  Trains  the  Right  of  Track 

Over  a  Given  Train IV,  469 

tt  tt  tt      an  Inferior  Train  the  Right  of  Track 

Over  an  Opposing  Train  of  Super- 

iorGrade... IV,  468,  469 

44  tt       toHoldaTrain IV,  473 

44  tt       Regarding  Sections  of  Regular  Trains ....  IV,  470 

*  Passenger  Tariff,  Turkish  Railroad,  Jaffa  to  Jerusa- 

lem  V,  595 

44  Paymaster's  Check,  Payable  to  Bearer  When  In- 
dorsed by  Paymas- 
ter  X,  387 

44  tt  "  Order X,  386 

44       Pay  Roll V1L664,  565 

44       Railroad  and  Transportation  Companies'  Car  Mileage 

Journal X,  373 

44  tt         H  u  Companies'     Freight 

Journal X,  372 
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count X,  374 
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Miscellaneous  Ac- 
counts  X,  375 

44              •*         a               tt              Companies' Ticket  Jour- 
nal  X,  371 

44       Recapitulation  of  Labor VII,  543 

*    Material VII,  542,  543 

44       Receipt  for  Cash  Collected VI,  380 

"  u    Dockage  or  Terminal  Charges VI,  378 

44         a    Feed  Furnished  Stockyards VII,  595 

44    Freight  Received ,..  VI,  339 

44  *»         u    Miscellaneous  Charges VI,  375 
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44         "    Switching  Charges VI,  386 
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for  Fare  or  Other  Purpose..  .V,  671 
44  »  a         tt  Persons  Attending  Conventions  for 

Tickets  Bought  by  Them;  also, 
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Regard  to  Attendance  Thereat. 
V,  674 
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Forrag,  Receipt  for  Excess  Baggage  Charge! V.  6 

Recoil  signing  Ticket VI,  3 

Record  Book  of  Advanced  <'harge  Checks  or  Drafts 

Drawn  ou  the  Treasurer X,  3 

"            "of    Araouota     Charged,    Counted    and    Re- 
funded for  Ctt  -Service VI,  4 
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"            ««•.-■    Interline    Charges    Pre- 
paid  VI,  3 

"  "  u       Bulk   t-'t-eitfhr  Weighed  at  I  icst  inntlon. . . . 
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"    Const  rue  I  ion  Work VII.  B 

"         "    Ferr}- Collections VI,  8 
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"  "         "    Freight    Received    Siihjeet    to    'iVnnlnal 

Charge  Only VI,  3 
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Forms,  Record  of  Old  Rail  Received  at  General  Storehouse 

VII,  583 

tt   Overcharge  Refunded VI,  434 

44      ^    "         "Overtime VII,  556 

M   Prepaid  Freight  Charges VI,  346,  348 

44   Rails  on  Hand VII,  578 

44   Reconsigning  Ticket VI,  367 

44   Switching VI,  387 

tt  Charges  Collectible VI,  391 

44  **        **         u  u         Due  Other  Companies 

yj    394 

-   Traveling  Auditor .V .'  * ." . ".  V. VII,  603-605 

«•  ■»         »   Unrefunded  Charges VI,  396 

44   Weights  of  Iron  Ore VI,  370 

44   Wood  Measured VII,  590 

44       Remittance  Notice,  to  Be  Used  by  Agents  When  Re- 

mitting    to 

Banks IX,  463 

44   •*        tt    tt    Conductors.... IX,  466 
44       Report  to  Be  Made  by  Traveling  Auditor  for  Each 

Agency  Examined  by  Him IX,  437-443 

44       Request  for  Time  Ticket VII,  566 

Requisition  for  Material VII,  673 

*»  u  u  Tickets V  567 

Return  for  Bulk  Freight  Weighed  at  Destination^ . ,'  356 
u  *        »    Freight  Forwarded  After    Having  Been 

Manipulated  in  Transit.. VI,  428 
44  u        a         u       Received  to  Be   Manipulated  in 

Transit: VI,  427 

*        tt    Loaded  Car  Ticket VI,  354 

44  •  Reconsigning  Ticket VI,  366 

44  tt      of  Cash  Fares  Collected V,  586 

44  «       *»  Freight  Conductors  Who  Have  Not  Issued 

any  Cash  Fare    Receipts  During  the 

Week V  587 

44  tt       tt  Interline  Ticket  Sales* " '. ". ".  \ '. ". ". '. " '. '. '. '. ". ".  V,  683 

44       Returns  for  Switching  Charges  Collectible VI,  389 

44  tt        u  *»  tt       Due  Other  Companies 

yj   392 

44       of  Ferry  Collections !  .\" !!".".!!."!!!  Nn!  382 

44  u       »•   Miscellaneous    Freight   Collections  Not 

Waybilled VI,  377 

44        *  Weights  of  Iron  Ore  Received .VI,  368 

44       Section  Foreman's  Report  of  Material  and  Tools  on 

Hand  at  End  of  Month VII,  548,  649 

Shipping  Bill  for  Freight VI,  340 

44       Special  Form  to  Be  Used  in  Receipting  for  Money 

Paid  for  Tickets  Bought  of  Agents,  or 

Fares  Paid  to  Conductors V,  569 

w  u      Remittance  Notice ,, IX,  463 
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Forms,  Standard  Train  Order  Blank  Kuuwi  as  Form  IB 

IV, 474,473 

lV.47U.  477 

"  Statement  of  '  'ash  '  reillteil  and  Statement  of  Over- 
charges. Interline  Ctiurgeu  Prepaid 
anil     Advanced     VbUgOl     Pnufet 

Forwarded IX,  447 

••  "  "  Conductor  of  Ticket*  Road  tnz  to  Point* 

Bevotnl  the  Station  at   Which  Such 

Conductor  Stops V,  688 

"    Ferry  Collection* VI,  88) 

"  -  -   Freight  Wstgtttiil  ta  rati VI,  873 

-  -  Interline  Ticket  Sale* X.  383 

"  "  "  "  "      and    Record   and 

Apportionment,  of  Other  Compan- 

letf  Ticket  BalM  X,  S84 

"  Oil,  Waste    and  Tallow    Delivered  to 

Locomotives    VII,  688 

"   Switching  Charges  Collectible VI.  S'M 

"               "            "                              *         Due  Other  Compan- 
ies  VI,  S93 

"  "  Transfer  of  Accounts.    IX.  4 M).  4">1 

"  "   Uncollectible  Charges IX,  453,  454 

*  "   Wavlrfllinu VI,  397 

"  Way  Bills  Not  Included  in  Traveling 
Auditor's  Examination  or  Transfer 
Abstract* IX,  449 
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Forrester  &  Company I,    32 

Forwarding  Agent VI,  109 

u  Agents,  Instructions  to VI,  138 

Foundations  of  Shop  Buildings I,  263 

Foundries,  Accounts  with VII,  309 

44         Delivery  of  Material  to VII,  309 

Foundry I,  252 

*         Brass 1, 267,  258 

Building I,  257 

Four-arm  Lamp — Illustration,  Plate  II 1, 116-117 

Four-pole  Motor I,  472 

Four-way  Cock I,  320 

*  u      Handle— Illustration 1,341 

44  u      Key—  Illustration I,  341 

Frame,  "Bar" I,    63 

u       Bent  Trestle  Bridge— Illustration Ill,  375 

44       Boiler  Hanger  to — Illustration I,    60 

tt       Brace— Illustration,  Plate  I. 1, 58-69 

44  •    Engine  Truck— Illustration,  Plate  I. 1,58-59 

44       Engine 1,380 

*       —Clamping  of 1,286 

a  u       — Development  of I,    53 

w  tt        Truck— Illustration,  Plate  I I,  58-69 

44       Front— Illustration.  Plate  I I,  68-59 

44      Section  of—  Illustration I,    60 

44       Legs I,  109 

41       Locomotive 1, 108, 109,  380 

44       Main— Illustration,  Plate  I I,  58-69 

44       Means  of  Fastening  Boiler  to — Illustration 1,    62 

of  Electric  Motor  Car I,  467,  468 

44       "Plate" I,    53 

44       Rear  Section  of— Illustration I,    60 

44       Splice— Illustration.  Plate  1 1,  58-59 

44       Spring—  Berth— Illustration,  Plate  II I.  116-117 

44       Tie— Illustrations I,  64    98 

*       Truck— Illustration I,    60 

44  **        End  Piece  of— Illustration,  Plate  II 1, 116-117 

Frames I,  286 

Costof Ill,  403 

44        of  Motor  Car  Trucks I,  469 

France I,  215 

44        Baggage  Allowed  in V,  288 

r        in V,  285 

44         Storage  Charges  in V,  425 

44        Builders  of I,  152 

Eastern  Railway  of.   Ill,  178,  183 

*  —Cars  Used  on 1,121 

44        Gauge  Used  in Ill,  194 

44        Government  Management  in VIII,  251-253 

44  "  Supervision  in 111,46,    47 
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France.BeAttngC&wlii IV,  182;  V,  235,  236 

luflueouea  Governing  Raws  in VIII,    96 

"        —Its  Primitive  Associations  ami  Means  of  Carriage 

XI,  463-467 

Maintenance  of  Track  in 1 11,309,  310 

"       Passenger  Cars  of I,  174 

—Primitive  i  :irrin^<'  tu—Illit*trationti XI.  4H3-467 

Relation  of  Railroads  to  Government  in VIII,  237 

Relief  Departments  In X.  329-3-15 

RespOpelbUftj  lot  Baggage  in V,  310,  311 

Status  of  Railways  in 111,46,47;  VIII,  334 

"        Treatment  of  Ties  in 111,355,  356 

Use  of  Metal  Ties  in Ill,  376 

Frank*,  Baggage V,  466,  467,  495 

Fraud, Prevention  of V,329,  330 

Frederick  therGreat,  Baggage  ™f. V,  279 

Freedom,  Individual XI,    36 

Freight.     (.See  also  "finoils"'  ami  "Property.") 

Abstracts IX,    46 

■  Daily  System  of. t.X,    57 

Accountants.." II,  248 

Accounting VI.  79,  82-85 

Accounts 11,248;  V.7G,    76 

Mat x,  na-118 

—Their  < Complexity VI,       I 

Advanced  1  Uiarges  on VI.     97 

.IX, 87.  318-320 
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Freight,  Bulk—  Waybilling VI,  146 

44  *    Weighing  at  Destination— Rules  Governing,VI,  160 

u       Business  and  Affairs. VI. 

Beginning  of XI,  161 

—Its  Complexity VI,      i 

BeceiptsFrom V,  172 

44       Car.    See  also  ^Goods  Car,") 

44    American  Standard 1,207-214 

u  *  tt  u  Box— Illustration,  Plate  III 

I,  170-171 

u          u                            «            u    _crog8  Section  of— Il- 
lustration  I,  169 

44  "  —End   Elevation   of— 

Illustration I,  168 

u  "  —Sectional    View— U- 

lustration I,  167 

44  u  **  —End  Elevation  and  Sec- 

tion  Through  Journal 
Box  of  Truck— Blue. 

tration I,  178 

44            tt               tt           —Plan  of  Truck  of— Illus- 
tration  I,  180 

44  *  —Side  Elevation  and  Sec- 

tion of  Center  Bearings 
of  Truck — Illustration 

I,  177 

44  *     Coupler,  American  Standard— Illustrations.. I,  176 

44  *     Development  of. VI,    49 

Door  Fastening — Illustrations I,  181 

44     In  Great  Britain I,    31 

Load I,  206,  206 

44     The  Maximum I,  164,  166 

Paint  Shop I,  271 

The  First I,  204 

44     Truck,  American  Standard— Illustration,  Plate 

III 1,170-171 

44  -Section  Showing 
Body  and  Truck 
Bolsters  —  Illus- 
tration   I,  179 

44     Wheel,  Cast  Iron-  Illustration IV,  196 

Cars I,  121,  156 

Brake  Hangers  on I,  379 

Carrying  Capacity  of VI,  49,    60 

Daily  Performance  of VI,    63 

Effective  Use  of VI,  5-26,  42,    49 

English I,  172;  III,  147 

Erecting  Shop  for I,  271 

Hand  Brakes  on 1,378 

Improvident  Use  of— in  America VI,  66,    66 
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t  Cars  Id  Passenger  Trains ...IV,  379 

"      Kinds  of. I,  207;  VI,     49 

"     Private— In  England II,    45 

"      Repair  Shed  for— End  Elevation— Illustration 

I.  268 

h         u  u       u  — Longitudinal     Section — Jfc 

lustration I,  256 

Carload— Way  hilling VI,  138 

Changing  I'cMiniitlon  of VI,  146 

Charges  Accruing  oil  — En  Route ...VI,  21:1-215 

Advanced VI,  158 

liv  Shippers IX,  320-323 

Collection  of IX,  66-74, 280,  308-316 

u  for  Storing VI,  107 

u  "  —in  Europe '....IX,    81 

*         Guaranteeing VI,  05,    96 

"  Interline  Prepaid VI,  166 

"  "  "       — Rules  Governing. 

VI.  161,  162 

Miscellaneous VI,  158, 215-217 

"  "  —Prepaid VI,  160, 168,  214 

"  "  Receipt  for VI.  217,  218 

"  "  —Unpaid VI,  168,  214 

Not  WayWlled VI,  214 

"  Pavm.-ntof VI.  JIW 
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Freight, Cooperage  of . . . .  VI,    94 

44        Cylinder  (Standard),  Reservoir  and  .Tiiple  Valve— 

Illustration I,  373 

44        Damaged IX,  103,  106 

44  *       —Collections  for VII,  422 

u        Delivered  from  Other  Transportation  Companies. . . 

VI,  128 

Delivering 11,242;  VI,  121 

Delivery  of VI,  9, 10;  IX,  75, 76, 94,316-318 

44  •*         u  —in  Great  Britain 1,173 

44         u —to  Consignee. VI,116,  117 

u      u  Teamsters.  ,„* VI,  107 

u       Department,  Methods  of. V,  480,  481 

44        Description  of— on  Way  Bills VI,  145 

Dividing  Consignments  of , . .  .VI.  139,  140 

Earnings,  Definition  of    X,  177 

Engines,  Weight  on  Drivers  of I,    64 

Estray VI,165-168 

Explosive— Receipt  of. VI,    95 

Forwarding II, 242;  VI,    96 

Government VI,  279-283 

Guaranteeing VI,  126 

Handling 11,242;  VI.9S;  IX,    36 
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44       — atStations ......... ..IX, 98-107 

14       —by  Trainmen IX,  101 


44       —Miscellaneous— Rules  Governing. VI,  105-108 

44       —Routine  Connected  With VI,  82,    83 

Holding— to  Issue  Way  Bill VI,  131 

44       Houses,  Guarding VI,  107 

44       Inflammable— Receipt  of VI,    95 

44       InOpenCars. VI,    97 

44       Inspecting. , II,  242 

Inspection  of VI,  94-96, 100, 101,  145 

44        Loading * II,  242 

44  *       and  Unloading— Charges  for Ill,  406-408 

44       —at  Stations  Without  Agents. VI,  135 

44  tt        —Regulations of  English  Roads.  ...VI, 97,    98 

44       Locomotive,  Brooks*  Consolidation— Illustrat ion.  .1,  138 
44  **  Consolidation— New  South  Wales— II. 

lustration I,  128 

*                 *           Italian — Inside  Connected  —  Illustra- 
tion  I,  120 

14  **  Russian— Illustration I,  1 24 

Lost IX,  102, 103,  131 

44       Manipulation  of— in  Transit VI,  268-270 

44        Marking VI,  94,  111 

"        Mineral— Waybilling VI,  136 

44        Mlssent IX,  104 

44        Notice  toConsiguee  of  Arrival  of.... VI,  196;  IX, 80,    81 
44       "Over" V,344 
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Freight,  Over— Report*  nf. . . .  IX  104,  106 

w        OvtTi-lnrKM EX,  124-128 

Parklmj VI,    94 

Perishable VI,  108, 129;  IX,  106 

-WayWIItng VI.  136,  138 

u       Person*  Ao-innpanyliiK V,  160-168 

"        Precautions  Agnlust  Damaging VI,    98 

"        Frot«:tl<m     ::■■:•<  }.■■■■ IX.  104 

"       Batt*.  Brmwlo X,  110 

"       —l.i  England 111,407 

-  -  Hi.w  Formulated VI.  26.    27 

"  "      of  Different  <  ountriea VI, 37-41 

"       Refilling— at  Junction  Stations VI,  317 

"        Receipt VI,  04,  114,  116 

*  "        Purpose  of VI.  117,  118 

"        Receipts  fur VI. B7,  126 

"  -  — Iicllveryof IX.317,  318 

K.tlm  Uovernlog VI.  122-126 

*  "  -Signatures  to VII, 446 

Receipting  Tor VI,  96.    97 

"       Received  from  ''onnectlug  Lines VI,  114 

"  "  -     ntiuTTrHiisiioruniun  Companies.  VI,  128 

"  -         Kcvurdnr VI,  197-211 

"  "         Subject  to  Terminal  Charge—  l{ei»rd  of.. 

VI,  Ml 

Receiving ..   11,243:  VI. 93.110,121,  168 

-At  Prepaid  Stations VI,  167 

o  Prepaid  Stations.  .VI,  163 
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Freight  Traffic,  Kinds  of VI,      7 

Local VI,     7 

tt  u        —Meaning  of  the  Term VI,      7 

Necessities  of— in  1831 1,    31 

44  "        —of  Different  Countries VI,  8-11 

*  u        Principles  and  Methods  Governing  . .  .VI,  93-108 

14  «        Returnsof X,    67 

44       Trains,  Baggage  Carried  on— Charges  for V,  611 

Charging 1,371 

44  **       Collection  of  Fares  on V,  151-156 

44           tt       Forwarding  Excess  Baggage  by— Rules  Gov- 
erning  V,  501,  502 

in  Great  Britain I,     63 

■*  *       Operation  of IX,  100 

44       Passengers  on V,  150-156 

44  **       Releasing  Brakes  on I,  367 

44       Speedof 1,31;  VI.10,11 

-  *  tt       Testing  Brakes  on 1,363 

44       Transferring VI,  168 

44       Transportation  of— at  Night I,    58 

44  u  u    _Rule8  Governing II,  241 

Unclaimed V,  344, 346;  IX,  131,  132 

—Collections  for VII,  422;  IX,  427 

—Reports  of IX,  106 

Unloading II,  242 ;  IX,  101 

44  —at  Stations  Without  Agents. . . .  VI,  105,  125 

44  *  EnRoute VI,  101 

44       Way IV,  413 

44    —Loading VI,  08,    99 

Weighing 11,242;  VI, 111,  146 

44  u         En  Route— Rules  Governing VI,  148 

44        Worthless— Charges  on VI,    95 

Freights,  Cheap— Rates  on VIII,  110 

French  Dumping  Car— Illustration I,  150 

44      Locomotive  and  Tender,  for  Switching  Purposes — 

Illustration I,  123 

Tender— Illustrations 1, 127,  131 

Reservoir  Car  for  Liquids— Illustration I,  164 

Freshet  Repairs Ill,  285 

Freshets,  Damage  Caused  by Ill,  294 

Friction 1,293,301,302,  308 

BrakeShoe 1,379 

44        Coefficient  of...  1,311,  429 

Effect  of— on  Rails 111,274 

u        Energy  of  Steam  Lost  in I,  403 

tt        Production  of  Electricity  by I,  397 

44  Heatby 1,397. 

Friend,  Railways  Acting  as  a V,  139-144 

Frieze,  or  Letter  Board— Tllustrat ion,  Plate  II 1, 116-117 

Fringe,  Shade— Illustration,  Plate  II 1, 116-117 


u  u 

44 


158  GENERAL  IXDBS. 

Frog— An  Early  Pattern— lltuet ration, Ill,  1 U2 

"    Guard  Balls ..111.333,  233 

"     Movable— Slip  Switch— Illustration Ill,  367 

"     Old  Portage  Railroad,  A.L>.  1835— 1  Uwira Hon Ml.  210 

"    Staple  lro[]  Used  as  a  Makeshift  far  a— Camden  &  Am- 

boy  Railroad,  A.  D.  1831— Ithmlration Ill,  201 

"    Turn-Out—  Illustration OI,  MO 

"     Wood'8— New  Jersey,  A.  V.  1859—  Illustration Ill,  MM 

Fro^s. 111.328,  22* 

"Frogs  and  Switches" VII,  402 

Frogs  Colliery  Railroads  of  England,  A.  1».  1825—  Illustra- 
tion*..  Ill,  193 

"      Crossing 111,23(1,237 

FroDt  Berth— I.iiwi>r  Part— Illustration,  Plate  II, 1,  118-117 

"    —  Upper  Pint— Illustration, Plot*  If. 1, 116-117 

"      Cylinder  Head— Ilttu)traUon,Plate  S. 1,58-59 

"      Eiteuaioii— Illustration.,  Plate  I I,  68-58 

"       Face  Plato  Gravity  Bar— Illustration,  Plate  II,. 1. 116-117 

-      Frame— Illustration,  Plata  I, I,  B8-59 

"       Panel  Berth— Illustration.  Plate  II .1,116-117 

"      Smoke  Arch— Hlu*t ration,  Plate  1 1, 68-59 

"      Strap,  Main  Hot]— Illustration,  Plata  I, 1, 68-59 

Frost,  Action  ot— on  Track VII,  320 

Frozen  Couplings — Instructions  to  Trainmen 1,323,  324 

Fruits,  Delicate— Carriage  of V,  619 

Fuel I.    53 

"    Accounting  for VII,  3'J7.  328,  330-336 ; X,    88 

"  »  —Practices  of  Knirlish  Hallway*. ....... 
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Fuel.  Liabilities  for X,    61 

Liquid— Its  Advantages  Over  Other  Forms. 1, 102,  103 

Loading  Locomotives  With  IV,  428 

Locomotive — Use  of  Oil  as 1, 104,  105 

14    Lossof VII,  174 

44    Oil  Burner— Illustration I,  102 

u    Purchase  of VII,  84,  176 

u    Quantity  Carried  in  Tender I,  106 

a    Recordsof VII,330,  331 

u    Report,  General V1I,333,  334 

u    Requisitions  for VII,85,  176 

11    Returns  for VII,  332-336 

u         tt         — of  Receipts  and  Disbursements  of VII,    84 

u    Sale  of VII,  418 

•Fuel  Stations" VII,  459 

Fuel,Stockof VII,  85,  176 

44    Supplies    .-..1,273 

44    Tickets VII,  334,  335 

44    Train— Meaning  of  Term IV,  324 

"    Trains IV,  374 

Use  of.: VII,  163-176 

— in  Compound  Engines 1, 46,    47 

44      *     "Woodfor VII,  163 

Utility  of  Different  Kinds  of VII,  162-176 

Vouchers  for X,  84,    92 

tt    Wasteof VII,172,173 

44    Waybilliug VII,  829 

Fulcrum I,  110 

Bolt,  Gravity  Bar— Illustration,  Plate  II. 1, 1 16-117 

44        Brake  Lever— Illustra tion,  Plate  III. 1, 170-171 

tt        Center  Brake  Beam— Illustration,  Plate  II . .  .1, 116-117 

Floating  Lever— Illustration,  Plate  III. 1, 170-171 

Inside  Brake  Beam— Illustration,  Plate  II.  ...  1, 116-117 
Outside  Brake  Beam— Illustration,  Plate  II. .  .1, 116-117 

44        to  Equalizer—  Illustration I,    60 

44        Truck  Lever— Illustration,  Plate  II 1, 116-117 

Fulton,  Robert XI,  511 

Function  of  Electricity I,  396 

Fund,  Reserve Ill,  461,  462 

u      Work  i  ng II,  189 

Funds,  Accident  Insurance — In  Germany X,  345-347 

44      Assistance— Italian X,  349,  350 

44       "Conscience" IX,  286,  287 

44       Custod fan  of X,  258 

Custody  of II,  186 

Distress II,    60 

Employes'  Guaranty IX,  170, 353-355 

Hospital X,312,313 

44      Pension X,  321-323 

44       —French X,  329-345 


44  44  44 


44 


U 
44 


»4 


160  OBNERAIj  index. 

Funds.  Pension— in  Great  Britain X,396-8*ft 

"    India X,350-8M 

—Italian X,  347-349 

"      Relief— Sickness,  Accident  and  Death X.  298-309 

*       Saf egu  a  rd  i  ug DC,  298 

"      Savings X,  313-320 

■*      Sinking 11,137,  191 

-  "        —  Accounting  for ....VII, 434,  449-162 

"  "       —Particular*  of 111,101-105 

"      Superannuation II.  60;  X,  326 

"       Working— Aleuts' IX.  ISO,  S'tfi.  321).  332-334 

"  "         —Conductors" IX,  1C2 

Funded  Debt HI,    91 

Funnel,  Filling—  lllii»:m!i»„,  I-ttuB  II I  1  Hi— 1  tT 

"       Sand I,  103 

Funnels , I,  343 

Furnace I,  265 

"*         Oil— for  Annexing 1,  258 

Furnaces,  Brass  Melting I,  257 

nesting 1,158,  2«3 

Scrap 1,255 

Furniture.  Wear  ami  TVur  i>f HI.  29» 

Furriug.  Sueathing-i7*"»IrnKon,  Plat*  II 1,116-117 

Side  Door—  Uhmlrat ion,  Plate  III. 1, 170-171 

Furs,  Carriage  of V,  519 

Fusees,  Use  of IV,  342. 353.  360,  403 
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Gas  Holder— nitcatfafoon,  Plate  II 1, 116-117 

a         *       Supports— Illustration,  Plate  II 1, 116-117 

44   Lamp,  Bracket— Illustration,  Plate  II 1, 116-117 

"Gas  Making  Plants11 VII,  462 

Gas  Pipe  Hangers— Illus  tration,  Plate  II 1, 116-117 

Plant,  Reservoir  in  a I,  438 

Use  of— for  Heating  Cars  in  Europe V,  235 

44    *      u     Lighting  Cars IV,  173, 174,  181 

Way— Illustration,  Plate  II 1, 116-117 

Wells 1,104 

Gases,  Consumption  of— In  Fire  Box I,    99 

Gaskets I,  324 

Metallic 1,381 

Paper I,  371 

Work 1,371,375 

Gasoline  Carbureters,  Use  of— for  Lighting  Cars IV,  183 

44       Use  of— for  LightingCars IV,  181 

Gate  Platform— IHustration,Plate  II If  116-117 

*     Signals IV,  254 

Gates,  Cost  of  Keeping  in  Order Ill,  422,  423 

44     on  Car  Platforms IV,  121 

Gatemen,  English— Wages  of IV,  453 

Gauge,  Adopted  in  India Ill,  193 

Air I,  315,  336 

44         tt   —Illustration,  Plate  I I,  58-59 

44         u   —Duplex. 1,349 

44         u  rf       —Illustration 1,316 

44         u   Pressure — Illustration If  539 

44       American  Standard  „ I,  402 

44     .  Brown  &  Sharpe I,  402 

u       Car— Illustration,  Plate  II 1, 116-117 

44       Cocks. I     80 

u  *     — illustrations,  Plate  ///. //..*..'... V.V.I,  58-^9    64 

44       Device  for  Changing  Trucks  from  Narrow  to  Wide, 

and  vice  versa — Illustration I,  203 

44       Lamp— -Illustration,  Plate  I I,  58-59 

M       Measurement  of Ill,  194 

of  Primitive  Vehicles HI,  190 

44   the  Line Ill,  190 

Railroad — Controversy  over I,  35,  36,    37 

Steam I,    82 

44        —  Illustration.  Plate  I I,  58-59 

44       —Exterior  of— Illustration I,    83 

44        — Interior  of — Illustration I,    82 

the  Narrowest Ill,  191,  192 

44    Standard I,  36,  38;  III,  190,  193,  194 

44    Widest  Ever  Used Ill,  191 

Track IV,  211 

44     —Illustration Ill,  331 

Water I,    80 
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Gniiire,  Wilier— Illns tration I. 

"        Wheel IV, 

Ganges,  Battle  of. I,  30,  37;  111.  105 

of  Different  Countries III.  101 

Railway— That  Ilavi' Been  Ueeil  in   Different  Coun- 
tries  Ill,  4!W 

Uniformity  In Ill,  103 

Gauging HI.  211 

Gear,  Reversing I,    49 

—End  View  of—  liluttraMon I,    90 

*  "  —  Engineer's    Lever  In  Con  net!  I  ion   with— 

/».«/ ration .1,    fll 

—  SUeViewof—  Illustration I,     90 

Geared  Motors 1, 470,  471 

(lairing  of  ];r;ikn   ('I'fiMteil  >'V  Steam.  France.  1840—  Ulan. 

tration -I,  300 

"  Motors I,  474 

Gearles*  Motors 1,470,  471 

Gears.Efflolencyof I,  480 

General  Baggage  Agent II.  139 

**         Agents,  Association  of V.  488,  401 

Balance  Sheet,  the X,  28.28, 182-184 

Bookkeeper X,    80 

Books.  S]ireail lug  Accounts  on X.63-A9 

Cash  Hook X.139-U1 

Cashier.the X,  2(10,  361 

Characteristic  of  the  Alternating  Current  System.. 

1,441-443 
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General  Manager.    (See  also  MChief  Manager") . .  .II,  58, 153-176 

Advisersof II,  156 

u         Characteristics  of II,  153,  164 

44  "         Coadjutorsof II,  166 

44  u         Correspondence  of II,  158-161 

44  u         Duties  of II,  157, 158, 161,  164 

44  u         Forbearance  of II,  202 

44  tt         Meaning  of  Title 11,142 

Motivesof II,  154 

44  tt        Kelation  tt  —to  Construction  Work 

11,166-172 

44  tt  «       «       tt  Directors  and  Owners.. 

II,  166 

*  "  *       u  Division    Superintend- 

44  "       "       u  Subordinates 

II,  155,156,  162 

41        Scopeof 11,173,  174 

Titlesof 11,153;  VII,  250 

Master  Mechanic I,  277 

44        Meetings .  ....  I    228 

"General  Office  Expenses  "and  Supplies"'. "."".". ".".". ".!".".  vii,496t  624 

General  Officers 11,65,  117 

44       Orders,  Issuing IX,    41 

44       Passenger  Agent II,  139;  V,  80,    81 

44  u  K       Characteristics  of II,  256,  257 

KepairShops I,  248,  270 

44       Storehouse I,  252 

Storekeeper VII,    76 

Dutiesof VII,    88 

Inspections  by VII,    82 

44  u  Requisitions  on.... VII,    79 

44        Superintendent II,  138 

Scopeof 11,174,175 

44        Ticket  Agent II,  139;  V,  79,    80 

44      and  Passenger  Agents II,  249-259 

Agent,  Characteristics  of II,  254 

Agents1  Association V,    79 

Time  Book VII,  372,  373 

Traffic  Manager II,  138 

Traveling  Auditors,  Duties  of IX,  276,  277 

Generation  of  Power,  in  Booster  System I,  435 

Generator,  The 1, 424, 456-462 

Alternating  Current 1,440,  452 

Baltimore  &  Ohio  Railroad,  (500  Kilowatt)— U- 

luatration I,  497 

Coil,  Expanding— Illustration*  Plat*  II. .  .1.  116-117 
Direct  Connected  to  Vertical  Engine.    Brooklyn 
Bridge  Power  Plant,  (400  Kilowatt)— Illus- 
tration   I,  466 
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iiestonville,  Man  tan  &  Fair  mount  Pass 
road,  (400  Kilowatt)— Illustration. 

in  Motion,  (800  Kilowatt)— Illustratior 

Panel 

Railway,  (800  Kilowatt)—- Illustration. 

Railway  — Engine  Type 

Two-Phase  Alternating  Current,  (650 

— Illustration 

Generators  Alternating  Current 

"  Connected  to  Horizontal  Engines  N 
West  Chicago  Railway,  (800  Kilowa 
tration 

Current  Supplied  bv 

Railway— Atustratxon 

Station 

"George  W.  Johnson''  Locomotive  1830— The  Fin 

Double  Fire  Box 

"George  W.  Johnson"  Locomotive,  1830— The  Firs 

Double  Fire  Box — Illustration 

Georgia,  Central  Railroad  of 

Railway  Taxation  in 

German  Beer  Car — Illustration 

u        Box  Car — Illustration 

"        First  Class  Passenger  Car — Illustration  . . . 
"        Rapid  Transit  Passenger  Locomotive,  with 
Type  of  Fire  Box— Warschau-Wien 
— Illustration 

Germans,  Influence  of— on  Manufactures 

Germany,  Baggage  Allowed  in 

Bogie  Cars  in.  

Breakage  of  Wheels  in 

Builders  of 
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Germany,  Passenger  Service  in......; V,  229-232 

44  Practices  in. . .  VIII,  83,    85 

tt  —Primitive  Carriage  in— Illustrations  . . .  .XI,  459-462 

44  Primitive  Wheel  from— Illustration IV,  192 

14  Railway  Accidents  in IV,  129 

14  Belief  Departments  in X,  345-347 

*  Saxon  State  Railways  of— Freight  Cars  of I,  121 

44  Status  of  Railways  in Ill,  48, 49;  VII,  332 

14  Use  of  Metal  Ties  in 111,377,  378 

14  Vestibule  Car  in I,  204 

Gibbe,  George , IV,  178 

Giffard,  H.  J I,    64 

Girder  Rail I,  462 

Girls,  Destruction  of .XI,    69 

Girt  Corner  Iron— Illustration,  Plate  III 1, 170-171 

Girts,  End— Illustration,  Plate  III. 1, 170-171 

44      Side— Illustration,  Plate  III 1, 170  171 

Glacial  Epoch,  the XI,    58 

Gladstone IX,    17 

Glasgow I,    44 

*  &  Garnkirk  Railway— Opening  of I,    31 

Glass,  Austrian  Box  Car  for  Transportation  of— Illustration, 

I,  185 

44      Bowl— Illustration,  Plate  II. 1, 116-117 

44      Dome— Illustration,  Plate  II 1, 116-117 

14      in  Door,  Vestibule—  Illustration,  Plate  II 1, 116-117 

44      or  Tumbler,  Water— Illustration,  Plate  II 1, 116-117 

44      Stained— Carriage  of X,  519 

44      Window— Illustration,  Plate  II. 1, 116-117 

Globe— Illustration.  Plate  II 1, 116-117 

44     Holder— Illustration,  Plate  II 1, 116-117 

Glue,  Use  of— by  Railways VII,  212 

Go  Ahead  Eccentric— Illustration,  Plate  1 1, 58-59 

44         **  *  Connection— Illustration,  Plate  I. . . .  I,  58-59 

44         u  **  Rod— Illustration,  Plate  1 1,58-59 

44         u  tt         Strap— Illustration,  Plate  I. 1, 58-59 

Gold Ill,  7,      8 

44     Early  Use  of— for  Money XI,  128 

44     Existenceof XI,    73 

44     Leaf,  Use  of— by  Railways VII,  209 

44     Ratioof— to  Silver Ill,  12,    13 

44     —the  Standard  of  Money XI,    13 

44     Transportation  of V,  519 

"Goliath  "  Locomotive I,    31 

Gondola  Car I,  207 

44  tt    Standard  American— Illustration I,  160 

44  u   Victorian  Rail  way—  Illustration I,  156 

44  Opening— Illustration I,    98 

Gong I,  111,112 

Gooch,  Sir  Daniel  M X,  164 
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Government, Local .....XI,    29 

44  Management,  Advocates  of VIII,  222 

44  Basisof VIII,  235 

44  u  Characteristics  of 

VIII,  12, 219, 241, 242,  244 

Effect  on  Rates VIII,  242 

Experiences  of VIII,  235 

•  *  Objections  to VIII,  221 

44  H  Reasons  for VIII,  236 

NewFormsof XI,    34 

44  of  Corporate  Property II,      v 

44   Corporations 11,281 

44   LaborUnions II,    88 

44   Railways II,  136;IV,      8 

44  "   Shops 1,283 

44   the  United  States— on  What  Based II,    44 

44  Officials V,  361,  362 

14  Operation  of  Railways  by  the II,    49 

*  Ownership Ill,    45 

44  "  Characteristics  of VIII,  12,  223 

tt  "  Disadvantages  of VIII,  253 

44  Effectof V,  355 

Experiences  of VIII,  246 

In  United  States VIII,  248 

44  "  Reasons  for VIII,  230, 253,  259 

«  *  —When  Advisable VIII,  249,  250 

44  Paternal  Form  of II,    60 

44  Prescribing' Accounts  by  the X,    38 

44  Prevention  of  Unnecessary  Roads  by. . .  .VIII,    200 

Principles  of II,  128-140 

Proper — How  Secured II,    iv 

Relation  of— to  Railway  Mail  Service. . . .  V,  552-563 

Requests  for  Transportation V,  144-146 

Servants,  Peculiarities  of VI,  276-279 

Service,  Characteristics  of VIII,  238 

44        Organization  of — Compared  with  Rail. 

way  Service II,  122 

Stamp Ill,    10 

Supervision VIII,  65,  227,  253 

Advisability  of VIII,  194 

Best  Form  of VIII,  228 

Effect  of V,  363-365 

Scope  of VIII,  161, 183, 185,  193 

44  Value  of VIII,  194,  225 

The  Basis  of. XI,  137 

44  Transportation  by VIII,    60 

Weak— Its  Effect VIII,      7 

Governmental  Interference X,  39,    41 

—Its  Effect,  on  Railways  . . .  VI,  39-41 

44  Regulations,  Scope  of  Beneficial VIII,  17,    22 
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"Grain  Elevators11 VII,  459,  460 

Grain,  Loading VI,    99 

44      Strips,  Beveled— Illustration,  Plate  III 1, 170-171 

Grand  Trunk  Railway  of  Canada Ill,    88 

Granger  Agitation VIII,  198 

Grant,  General— Baggage  of. V,  278 

Grass,  Cutting ■* Ill,  240 

44     Removing Ill,  285 

"Grasshopper"  Locomotives,  First  Construction  of I,    32 

Grate — Illustration I,    67 

Platell 1,116-117 

a      and  Damper,  Section  Showing—  Illustration I,    96 

44      Circulation  of  Water  in I,    96 

44      InnerShellof    I,    96 

44      Locomotive I,    95 

44      OuterShellof I,    96 

44      Rigging I,  286 

44      Rocking— The  First  Engine  with— Illustration I,    43 

44      Shaker— Illustration,  Plate  II. 1, 116-117 

Shaking  Rig— Illustration,  Plate  I I,  58-59 

Size  of I,    72 

44      Surface,  Locomotive 1,72,    73 

Grates I,  286 

for  Anthracite  Coal I,    96 

44       Rocking— Illustration,  Plate  1 1,58-69 

Gratuities,  Acceptance  of IV,  331 

44 —in  Great  Britain IV,  445 

Entering— on  Pay  Rolls VII,  392 

Gravel  Ballast Ill,  221,  222 

Gravity  Bar,  Back— Illustration,  Plate  II 1, 116-117 

44    YiontF&cePlfite— Illustration,  Plate  II... 1, 116-117 

44         u    Fulcrum  Bolt— Illustration,  Plate  II 1,116-117 

44       Battery,  Cell  of— Electro-Motive  Force  of I,  401 

44       Effectof— on  Brakes. I,  334 

44       Loading  Cars  by I,  246 

44       Marshalling  Trains  by IV,  94-96 

Great  Britain,  Baggage  in V,  284 

Builders  of I,  152 

44  tt         Delivery  of  Freight  in I,  173 

44  tt         Early  History  of  Railways  in 1, 168,  169 

44  u         Flat  Car  in 1,207 

FreightCar  Load  in I,  206 

orGoodsCarof I,    31 

44  *  Trains  in I,    63 

Trafflcof VI,  8-11 

44  u         Government  Supervision  in Ill,    51 

Heating  Cars  in IV,  152;  V,  236 

Labor  Unions  in II,    37 

44  *         Lawsof II,    45 

44  u         Manufactories  iu I,    32 


xvanwavs  or 

u         Relief  Departments  in 

Speed  of  Freight  Trains  in 

Train  Signals  in 

Use  of  Tarpaulins  in 

44     u  the  Cowcatcher  or  Pilot  i 
Telegraph  in  Moving 
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44       Indian  Peninsular  Railway 

Northern  Railway  of  England .  .Ill,  267 

343,  344,  349,  360,  363,  378, 402 

411,  414,  418, 419,  432;  V,  225, 

u  **        Railway  of  England— Practice 

u   Ireland 

44       Western  Railway 

of  England 

191,192;  IV,  341, 
407,     410,    425,    43 

Grecians,  The X 

Greece  

44       Heroic  Period  of 

44        Semi-Barbarous — Primitive  Carriage  in . 

44       Xerxes' Invasion  of 

Greeks XI, 

Ancient  Ships  of 

44         Vehicles  of  Gods  of 

Green,  Signification  of 

Gresham,  Sir  Thomas. 

Griffin,  T.  A 

Grinder 

Grinders 

Groove  in  Air  Cock  Plugs 
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Grundmann,  Professor VII,  168 

Guaranties Ill,  422 

Execution  of VI,  141 

for  Freight  Charges VI,  05,    96 

44  Honeys  Deposited  as IX,  323,  324 

u  of  Railway  Debts Ill,    39 

Guaranty  Bonds IX,  168-177 

Companies IX,32,353,  355 

44         Funds,  Employes' IX,  170,353-355 

44         Premiums IX,  169-172,  363,  354,  356 

Guard  Bridge— Illustration III.  343 

44      Cattle— American— Illustration 111.  342 

44      Kails,  for  Bridges 111,223,  224 

44  u      Frog 111,232,  233 

Rod,  Vestibule  Door— Illustration,  Plate  II 1, 116-117 

Wheel— Illustration,  Plate  1 1, 68-69 

Guards.    (See  also  *  Conductor.") 

Cattle Ill,  225,  266 

44  a     —Cost  of  Maintenance  of 111,292 

English— Wages  of IV,  462 

Guards'  Way  Bills,  English V,  248 

Guiana,  British Ill,    15 

Guide  Arm,  Grain  Door— Illustration,  Plate  III I,  170-171 

44      Bar I,    87 

44      Block— Illustration,  Plate  I 1, 58-69 

44      Bottom  Face  Plate— Illustration,  Plate  II 1, 116-117 

44      Brake  Lever— Illustration,  Plate  III 1, 170-171 

44      Cylinder  Lever— Illustration,  Plate  II 1, 116-117 

44      Dead  Brake  Lever— Illustration,  Plate  III . . . . .  .1, 170-171 

44      Gang , I,  286 

44      Hook,  Dead  Brake  Lever — Illustration,  Plate  III 

1,170-171 

44      Top  Face  Plate— Illustration,  Plate  II. 1, 116-117 

*      Work I,  286 

44      Yoke— Illustration,  Plate  I I,  68-69 

Guides • I,  285 

—Illustration,  Plate  1 1, 68-69 

44       Grain  Door— Illustration,  Plate  III. 1, 170-171 

Gunpowder,  Transportation  of VI,  105 

Gyges XI,  100 


Habit I,  185,  186 

Habits,  Mechanical II,    68 

Hack  worth,  Timothy I,    27 

44  w        — Locomotive    Built    by,    Sampson," 

1838 — Illustration I,    40 

Hadlev,  Arthur  T 111,135 

Half  Box  Car,  Belgian  Railroad— Illustration I,  168 

44       u    Italian— Illustration I,  160 


II  am  in  ere,  Steam 

Hammersmiths 

Hammock  Hooks — Illustration,  Plate  II 

Hammond,  C.  A 

Hand  and  Lamp  Signals— Illustrations 

*     Brake  Chain— Illustration,  Plate  III. . . 

M         M     Connecting  Bod-- IUuetrat ion.P 

u  *     Holder— Illustration,  Plate  III. . 

u         *     Modem— Illustration 

M         *     on  Freight  Cars 

*  Pawl— Illustration,  Plate  III.... 
"  *  Platform— Illustration,  Plate  W 
tt  "  B*tchet—Illustration%  Plate  17/. 
-         •     Beat— Illustration,  Plate  III. . . . 

•  Staff— Illustration,  Plate  III.... 
Wheel— Illustration,  Plate  III . . 

on  Air-Braked  Cars— Instruct) 


*  "     Use  of— Instructions  to  Trainm 
44  Braking  by — Instructions  to  Enginemei 

"     Car— IUustration 

"       *    Velocipede— JIJ«*/ ration 

*  *    Wheels. , 

*  Chain  Brake 

"     Hold— IUustration,  Plate  I. 

u     Hole— IUustration. 

"     Lamp  Signals.  Bales  Gorernlng , 

*  or  Grab  Ball  Body— HI  met  ration,  Plate 

*  Ball— IUustration*.  Plate  I. 

•    An*— IUustration.  Plate  I. 

Brackets—  Illustration, Plate  I.... 
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Handle,  Vestibule  Door  Drop— IlluatrationtPlate  II 1, 116-117 

Handling  Cinders  at  Roundhouse I,  260 

u         Freight,  Routine  Connected  with VI,  82,    83 

*         Trains— Instructions  to  Engineers I,  366,  367 

Hanger,  Bell  Cord— Illustration,  Plate  II 1, 116-117 

tt        Brace,  Step— Illustration,  Plate  II. 1, 116-1 17 

u        Brake— Illustration,  Plate  II. 1, 116-117 

Center  Brake— Illustration,  Plate  II..; 1, 116-117 

44        Feed  Pipe— Illustration,  Plate  I. I,  58-59 

44        Link— Illustration,  Plate  I 1, 68-59 

«  *    —Crescent— Illustration,  Plate  II 1, 116-117 

Safety — Illustration,  Plate  I 1, 58-59 

44      —Center  Brake— Illustration,  Plate  II.  .1,116-117 

Side  Door— Illustration,  Plate  HI 1, 170-171 

Step— Illustration,  Plate  II 1, 116-117 

;ers I,  334 

Brake.    I.  379 

44        Driver  Spring— Illustra Hon,  Plate  1 1, 58-59 

44        Dry  Pipe— Illustration,  Plate  I 1, 58-59 

44        End  Door— Illustration,  Plate  III 1, 170-171 

44        Gas  Pipe—  Illustration,  Plate  II 1, 116-117 

44        Hose— Illustration,  Plate  1 1,  58-59 

Link I,    90 

44        Pipe— Illustration,  Plate  II 1, 116-117 

44        Swing— Illustration,  Plate  II 1, 116-117 

Hanging  Up  Hose — Instructions  to  Car  Inspectors I,  333 

Hangings,  Facilities  for  Repairing I,  274 

Hannibal XI,  140 

Hardness  of  Brake  Shoes. 1, 302,  303 

Hardware,  Care  of VII,  261 ,  292 

44         Useof— by  Railways , VII,  210 

Harmonica  Car. I,  204 

Harmonious  Action — A  Necessity  of  Corporate  Life VI,    18 

Harvest  Tickets V,  92,  107 

Harvey,  C.  C Ill,  449 

Hasp,  End  Door— Illustration,  Plate  III I,  170-171 

u      Side  Door— Illustration,  Plate  III I,  170-171 

Head,  Back  Cylinder— Illustration.  Plate  1 1, 58-69 

44      Board— Illustration,  Plate  II I,  116-117 

44       Brake— Illustration,  Plate  II 1, 116-117 

44       Casing,  Cylinder— Illustration,  Plate  I I,  58-59 

a      Cross— Illustration.  Plate  I I,  58-59 

44      Cylinder— Back— Illustration,  Plate  II. I,  116-117 

-  -  .Front-Illustrations,  j  £££  fc;  — j^gS? 

44      Piston— Illustration.  Plate  I I,  58-59 

u       Roll— Illustration.  Plate  II I,  116-117 

44       for  Nigger— Illustration,  Plate  I I,  58-59 

Heads,  Brake I,  214 

Headers,  Double— Instructions  to  Enginemen I,  320 
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Headlight I,  lia 

-lltuairaiwn I,     60 

"  Bracket—  Itluxirttiion,  Plat*  I 1,68-59 

"         Burner—  llluxhatini*  Plate  1 1,58-59 

*  Caso— l«a""-n'ton.  P'tte  1 1.  68-59 

"  Kelh'ctor     llhiximtCon,  Piatt  I I,  58-59 

"  Step-  lUustrationa,  Plate  I 1,68-69,    80 

—The  First  in  America I,    67 

Headlights 1.67,    68 

Cevertng IV,  351 

"  PuiiNe I,     58 

I  fa  of 1 V,  34*.  427.  482 

"  "     "   —in  America .   I,    57 

Knjjlanil I.    57 

Headquarter  ■*.  Kx.i:niti:ii !■>■■  of  Way  Kills  at. IS,  67,    68 

Hallway  r'or.-e at 111.  418,  419 

HeafTord.^eiirer  II   V.  49,    80 

Heat,  Afttfi.-lal— Muri'n  Knowledge  or IV,  146 

"     Effect  of— ou  Chilled  Wheels IV,  BOB 

"      Enerjfv.Proil-.ii'llun  i.t  K  levtrlclty by I.  397 

"      —  It*  ttllWtou  liraku  .Shoes I,  303 

"      Loan  of 1,71.398 

"      Kon-riimliictiir  o( L     74 

"      Phw.t  Aiipirarhig  as     hi  a  Wire I,  405 

"      Pro.lin.-lli.iiol L,  9BR 

"      Quantity  of 1,398 

"      Re.ln.-tloii  of     in  Smokestack I,     53 

"     Sources  of J,  397 
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Heating,  Storage  System IV,  162,  163 

*        Surface,  Locomotive I,  44, 72,    73 

44        Trains,  Methods  of— in  Europe V,  232-236 

44        Vacuum  System IV,  159 

Hedges Ill,  352 

Hedley  &  Blackett I,    50 

William I,    23 

Hedley's  Locomotive,  "Puffing  Billy  "—Details  of I,    42 

Hell  man  n  Electric  Locomotive    1,616-519 

44         Locomotive,  The— Illustrat ion I,  518 

Helmholtz,  Professor. IV,  228 

Helpers..  I,  247 

Hemlock  Ties Ill,  350 

Hercules XI,  62,    91 

"Hercules"  Locomotive,  1837— Details  of 1, 51,    52 

44  1837— The  First  Engine  Having  Equalizing  Lev- 

era — Illustration I,    51 

Hero 1,17,    61 

*  Writings  of— Concerning  Steam XI,  510 

Herodotus II,  28,  79, 81,  99, 100, 102, 107,  114 

Hetton  Rail,  1824— Illustration Ill,  191 

Hides,  Charges  Collected  for VII,  414, 421, 422;  IX,  426 

44      —Used  as  Clothing XI,    64 

Hieroglyphic  Writing XI,  119 

High  Pressure  Cylinder I,    93 

*  tt         Steam I,    21 

ttHigh  Speed"  Brake . .  .1, 310-312, 354,  356 

High  Speed  Brake,  Safety  Valve  for— Illust ration I,  362 

*  "      Safety  Valve 1,362,363 

44      Tension  Alternating  Current  Transmission I,  451 

44       Line 1,451 

44  u       System  with  High  Tension  Trolley  Line 

1,452,453 

Highways,  Commercial I,  163 

Military 1,163 

Origin  of XI,    49 

44         Perfection  of — by  the  Romans I,  163 

Hill,  Sir  Rowland 111,154,  160 

Hillis,  Dr.  N.  D I,  135 

Hindoos,  Vehicles  of  Gods  of XI,    97 

Hinge— Illustration.  Plate  II 1, 116-117 

44      Door— Illustration,  Plate  II 1, 116-117 

44      Seat— Illustration,  Plate  II 1, 116-117 

Hinges,  Vestibule  Door— Illustration,  Plate  II 1, 116-117 

Hiram XI,  134 

"Hi re  of  Eq ui pment" VII,  490,  521 

History  of  the  Brake 1, 291-314 

Hittites,  Writing  of  the XI,  120 

Hodge  Carrier— Illustration,  Plate  II. 1, 116-117 

44      Lever  Connecting  Rod— Illustration,  Plate  II.  .1, 116-111 


a  in£  and  l  jump— Illustration,  Piatt 

Gas— Illustration.  Plate  II 

Globe— Illustration.  Plate  II 

Hand  Brake— Illustration.  Plate  III 

Towel— Illustration,  Plate  II 

u        Valve—  Illustration,  Plate  II 

Holding  a  Train — Meaning  of  Term 

*       Power  of  Brakes 

Hold-Up  Hooks,  Grain  Door—  Ulustrat ion,  j 

Holland,  Heating  Cars  in 

u       Status  of  Railways  in 

u       Useof  Metal  Ties  in 

Hollow  Brake  Beam — Illustration,  Plate  II. . 

u        Spoke  Wheel — Illustration 

Holmgren.  Professor 

Holt  &  Gresham 

Home  Coupon  Tickets 

Homer XI, 

"      Writings  of 

Honesty 

u       — aHabit 

Hood,  End  Door — Illustration.  Plate  III. 

tt     Platform— Illust ration,  Plate  II. 

u     Vestibule— Illustration,  Plate  II 

Hook,  Brake  Hanger — Illustration,  Plate  III. 
u  Check  Chain— Illustration,  Plate  II.. .. 
*     Coat— Illustration,  Plate  II.  

Hooks,  Hammock — Illustration,  Plate  II. . 

Hopper,  Cover  for  Iron — Illustration,  Plate  1 

Iron— Illustration,  Plate  II. 

Hordes,  Formation  of 

Horizontal  Waiu.  o — 
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Horae.Valueof XI,    88 

Horses,  I  m-  of— by  Railways HI,  126;  VII.  211 

Horsepower 1,403,  404 

EJevtrk— Delivered  by  a.  Dynamo I,  404 

Motor  Katod  in 1,473 

Hose 1,316,  338 

"     AlrBrrt* I,  391 

■         »       ■     -IttuKi  mi. on.  Plate  I...  1, 68-69 

"         »  —  Armored- nju«tr<jtinn,  Plate  It I,  118-117 

"    Signal— Extra. 1,328 

"      Bunt- Illustration,  Plate  77.   1, 116-117 

"      Blow  Out  —  Instructions  t«  Trainmen I,  369 

"      Burst-  Instruction*  to  Trninmen I,  326 

"      Clamp—  Illattratum,  Plate  II 1,118-117 

"     Cock... I,  363 

"     Coupling.  Air  Brake I,  308 

"       —  /NiMrraKoiM,  Plate //..1, 116-117,  309 

"  Keeping  Pressure  In I,  373 

»lgr\nl— lustration .Plate  II 1, 116-117 

Standard  —  Illustration 1,370 

*  "  "  Steam  iC,\hbs)-lll"-iraif.,.,  Plate  II.. I,  116-117 

"     C3ewal1s)-/»«a("< '■»».  Plots  //,I,U6-117 

Train  P\\>e— Illustration,  Plait  III. ...  1, 170-171 

*      Exi -hangcof— t>y  lonr"    -..-.         1,328 

"      Extra  — I  iiKlrm-i  loin  to  Enemi-men 1,  321 

"  "  "  Trainmen 1,328 

"      Feed  Pipe—  Ittu*lrtiti<.n,  plate.  1 1,68-69 

"      lor  Washing  Boilers  ami  Filling  Tanks I.  242 

"      BUl«»-  Illustration,  Plate  I 1, 68-69 

"     Hanging  l'p— I nHtrmtluu*  to  far  Inspectors 1,  333 

"     Leaky I.  371 

"     or  Brakes  Not  in  Cm I,  328 

"     Pulling  Apart  . I,  376 

"      Slgual— Armored- /'lustration,  Plate  U 1,116-117 

%     —Extra  I,  321 

*      Pine—  Illustration.  Plate  I..... 1, 58-69 

"      Stemn  —  lllwt ration.  Plate  II 1,116-117 

"      Testing 1.870 

"     Train  Pipe—  Itttuttration,  Plate  1 1,68-69 

Hospital  Funds. X,  312,  313 

Hot  Air  System IV,  161 

"  Overhead *. 1,357 

"       "   Use.  of—  for  Heating  Cars  ...     IV,156,16fl 

"      and  Cold  Wat«r  Cook— Illustration,  Plate  It 1,116-117 

"     Boxes,  Cause  of IV,  219 

"     Water  Bottle I,  204 

"  "        Circulating  Pipe     Illustration,  Plate  II. .  ..1,116-117 

*  "  Svstem  IV,  168 

"  "        Jacket     Illustration,  Plate  II 1.  116-117 

Multiple  Circuit  System IV,  160,  181 


Houses  Oil 

Old — <  'ollections  for  Sale  of 

Household.  Establishment  of  

How  Current  U  Produced  in  the  Dynamo 

"      Motion  U  Produced  in  the  Motor  

w     to  Use  the  Air  Brake 

Howard,  James  E 

Howe  Truss  Bridge  Span — Illustration 

*      William— I  >evice  of 

Howe's  Link' Motion,  or  Gearing  Attached  to  1 
of  the  Locomotive,  1842— Illustration. . . . 

Hub,  Wheel— Illustration,  Plate  III 

Hudson*  «l.  f  .    ..............•••«• 

Humboldt 

Hungary,  Status  of  Railroads  in.. . 

*        Use  of  Metal  Ties  in ... . 

Hydrants    

Hydraulic  Brake 

u         Riveting  Machine. 

Plant 

Hygiene. ...   ^ 

Hygienic  Department , 

Hypothecated  Baggage 
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Iberians 

Ice.  Clearing  Track  of    

u    Removing — from  Couplings 

Idean  Jove . .  ... 

I  dean.  New — Their  Acceptance  at  Meetings  of 
cials 
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Implements,  Agricultural — Advances  on IX,    89 

Calking  and  Shipping 1,262 

Oareof VII,  297 

u  Discussion  of  Questions  Regarding I,  289 

GivingOut 1,265 

44  of  the  Aryans XI,    63 

Old— Return  of ...VII,  259 

44  Ordering VII,  298 

Safety— (  arried  on  Trains IV,  120 

Wearand'lW  of Ill,  299 

Improved  Pump  Governor— Ulustrat ion I,  354 

Improvements Ill,  140,  141 

Expenditures  for II,  189 

44  Iucen tive  to II,    24 

Local II,  221 

M  Means  for  Developing  . .  Ill,    23 

44       *    Extending Ill,    23 

Railway X,    11 

Inactivity II,    22 

Incandescent  Lamps,  Current  Required  by I,  401 

Electro-Motive  Force  of I,  401 

u  Lighting 1, 399, 423,  424 

Inclined  Cylinders I,    46 

Income  Account X,  176-181 

Creditsto X,177-179 

Debits  to.. X.  179-181 

Bonds .  I II,    92 

14        I  terns  Chargeable  Against VI  I,  525-527 

u        Miscellaneous— Definition  of X,  179 

44       Net— Its  Relation  to  Capital Ill,    56 

44  —What  Constitutes  It X,    27 

Surplus— Useof IV,  140 

44       Use  of— to  Strengthen  Properties Ill,    74 

Incompetency, Danger  of. ...     II,    21 

Increase  of  Current— Its  Effect I,  428,  429 

44   Pressure 1,414 

Indemnity  Bonds.    (See  also  44Bonds,  Indemnity") 

VI,  116;  IX,  158-177,  353-358 

for  Lost  Checks X,    98 

on  Loss  of  Time  Tickete VII,  409 

India 1,217 

44      Baggage  Allowed  in V,  290 

44      Construction  in Ill,  152 

44      Gauge  Adopted  in Ill,  193 

44      — Its  Primitive  Associations  and  Means  of  Carriage. . . 

XI,  157-187 

44      Laborin 111,152 

14      Portable  Railroads  in I,  223 

44      —Primitive  Carriage  in— Illustrations XI,  157-187 

w     Railwaysin Ill,  153 
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Making 

I  nduction,  Magnetic 

Motor 

Alternating  Current—  Illust 
Primary,  or  Stationary  Elec 
Coils  for  Receiving  the 
the  Circuit — Illustration 
Secondary,  or  Revolving  El 
ing  Copper  Bars  in  Whi> 
Induced  by  the  Curren 

roary — Illustration 

Industrial  Exposition,  Berlin 

*         World,  Conditions  of 

Industry,  Recognition  of— in  Corporate  Life. .. 

Inefficiency 

Effect  of 

Influences  Affecting  Capitalization 

Information,  Afforded  by  Experience 

Furnishing— to  Public  Officials  . . . 

Given  by  Agents 

Regarding  the  Character  of  Emplo 

Value  of — in  Regard  to  Trains 

— Regarding  the  Machin 

ment 

Initials,  Car 

Injector 

u         —Illustrations,  Plate  I. 

44         Feed  Pipe — Illustration 

"         Names  of  Parts  of 

Operation  of 

Origin  of 

Overflow — Illustration.  Plate  I 
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Inner  Guide,  Center  Stem— Illustrat ion,  Plate  II 1, 116-117 

Inside  Brake  Beam  Fulcrum— Illustration,  Plate  II. . .  1, 116-117 

Casing—  Illustration,  Plate  II 1, 116-117 

Connecting  Rod— Illustration,  Plate  II 1, 116-117 

44      Cornice  Fascia  Board— Illustration,  Plate  II  . .  .1, 116-117 

44      Cylinders I,  30, 31, 46,    87 

44      Deck  Cornice— Illustration,  Plate  II J,  116-117 

44      Hung  Brake I,  379 

44      Intermediate  Mailing  Strips— Illustration,  Plate  III 

I,  170-171 

«       T  i„W      IlluAtratinnM   J  Pl*te  U h  116-117 

Uniug-IUustrations,  j  piaU  /7/ •  170-171 

44      Window  Sill— Illustration,  Plate  II I,  116-117 

Inspecting  Stations I,  270 

Inspection  Car,  Track— Illustration 1,  148 

Inspectors.     (See  also  tt  Traveling  Auditors  ") 1, 267,  270 

44  Brake I,  322 

44  Car— General  Instructions  to 1, 330-333 

Dutiesof IX, 37,    86 

14  Duty  of— in  Regard  to  Old  Papers VII,  142 

44  Exchange  of  Hose  by I,  328 

Fuel— Returns  of VII,  330 

44  General  Instructions  to 1, 328,  329 

44  Locomotive — Employment  of IV,    38 

44  *  —Rules  Governing IV,  430,  431 

44  of  Freight VI,    24 

44  Material 1, 278;  VII,  91-94 

44  tt  RollingStock II,    47 

44  Supply  Depots VII,    77 

Ties,  Returns  of VII,  287 

Pump Ill,  269 

Reporting  Defects  to— Instructions  to  Trainmen. 

I,  327 

Responsibility  of — Instructions  to  Car  Inspectors 

1   333 

44  Station— Wages  of,  in  England/.. ........... IV,  452 

Ticket V,    83 

Timber Ill,  259 

Traveling— English II,  207 

Institutions,  Eleemosynary II,  195 

Instruction,  Scientific 1,234 

Instructions,  General — to  Enginemen 1, 315-321 

**  to  Car  Inspectors,  General I,  330-333 

44  •*  Engineers If  363-369 

44            u  Enginehouse  Foremen  and  Inspectors,  Gen- 
eral   1, 328,  329 

44  u  Forwarding  Agents VI,  138 

44  *  Switchmen  and  Yardmen I,  376,  377 

44  Trainmen 1, 369-376 

44  *  General 1,321-328 
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i  usuiaung  ttJocks 

Materials 

Insulation 

u  Burning  the 

•    "  of  Coils 

Insulators 

"Insurance  " 

I  nsurance 

u         Looking  After 

u         Parcel— in  England , 

Insurers,  Railroads  as ' 

Integrity  of  Railway  Officers  and  Employes.. . 
Intelligence,  Evidence  of 

*  Necessity  of— in  Handling  Requit 

*  Recognition  of — in  Corporate  Lift 
Interchange  of  Cars 

44   Views— Its  Value 

Inter-Cooler , 

"Interest" 

Interest,  Abnormal  Rates  of 

u         Association  of — Between  Carrier  and  1 

44         Concentration  of 

44         Expenditures  of  Railways  for. . .    

44         of  Employer  in  Employe 

44  u   Employes — How  Increased 

44         on  Bonds 

"Interest  on  Bonds "  Account 

Interest  on  Bonds,  Accounting  for 

"Interest  on  Floating  Debt,  Discount  and  Ei 

count 

Interest  on  Foating  Debt,  Discount  and  Excbanj 
ingfor 

U  T* 
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Interference,  Legislative VIII,  62,  205 

Interior  Department,  Transportation  for V,  144 

Interline  Baggage,  Checking V,  56,  438 

*  Balances,  Settling IX,  358-361 

44         Charges  Prepaid VI,  156;  IX,  126 

*  Rules  Governing VI,  161,  162 

44         Claims,  Rules  Governing VI,  297 

44  "       Settlement  of VI,    21 

14        Excess  Baggage,  Returns  of V,  482 

»  «  *        Traffic V,  465 

44  *  in  the  United  States 

V  487  488 

44        Freight  Traffic. V .\  Vl!      7 

14  Loss  and  Damage  Claims,  Rules  Governing.  VI,  800-306 

44        Overcharge  Claims,  Rules  Governing VI,  298-300 

*  TicketChart V,136-138 

44       Register V,  159, 160, 162.  163 

44  a       Return,  Monthly V,  167-169 

44  a       Sales,  Weekly  Return  of V,  167 

44         Tickets V,  78, 88,  91, 102-107, 110,  111 

tt  *        Accounting  for V,    85 

44  tt        Auditing X,131-133 

44       "Complete" V,105,  137 

Foreign X,  127 

44  "       Local X,  127 

44  u       "Paster"  and  "Extension1* V,  108,  137 

44  u        Selling V,  136-138 

44         Traffic II,  237 

44       Auditing II,  258 

44      Handling— Proportions  for II,  251 

44         — Useof  the  Word V,    88 

44         Way  Bills VI,  137,  230 ,  X,  116 

Interlocking IV,  499 

44  Bolts 111,330 

44  —Meaning  of  Term IV,  318 

Mechanical IV,  277,  278 

44  Switches ..IV,  110-113 

"Interlocking  Switches" VII,  463 

Intermediate  Body  Transom  Pillar — Illustration,  Plate  II. . . 

1,116-117 

44  Post—  Illustration,  Plate  III 1, 170-1 71 

44  "    Rods— Illustration,  Plate  III 1, 170-171 

International  Association  of  Car  Accountants VI,    54 

Railroad  Congress . .  X,    42 

Interstate  Commerce  Commission IV,  118; 

V,  43, 45,  48, 196 ;  VI, 
9,27,29.32,34.35,43, 
45,64, 70, 71, 75;  VII, 
467,472;  Vin,  15, 89,  122 
44  *  u  Discretion  of VIII,  273 

33  toI  It 


w    Summary  of 

Traffic 

Intoxicants,  Use  of — by  Employes 

Introduction  of  Air  Brakes 

to  "The  Science  of  Railways'1 

Invention,  Effect  of  Uniformity  on 

of  theAir Brake 

44  The  Author's — for  Accounting 

Inventions,  for  Hastening  Application  of  the  Brak< 

Inventories 

M  Brasses. 

u  Dining  Car  Supplies 

Fuel 

44  of  Construction  Material 

u  Stationery 

**  Stockyard 

Tools 

Track 

Inventors  of  Transportation 

Inverted  Arch  Bar — Illustration,  Plate  III 

*    Center  Bearing— Illttstration,  P 
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Investigation,  Need  of — in  Investing 

Investments 

M  Railway — Acquisition  of  Capital  for. , 

Safe 

Investors 

Care  Exercised  by 

Foreign 

Precautions  for 

Representatives  of 

Invoices, Comparison  of — with  Material 
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Invoices,  Recording VII,  280 

M         Safeguards  Surrounding VII,  100 

Scrap Vn,  282 

44         Statements  of • .  VII,  281 

Ticket II,  268  ;V,  127, 128;  IX,  122 

Ionian  Boatmen XI,    83 

Iowa,  Rail  way  Taxation  in Ill,  439 

Ireland,  Baggage  in V,  285 

44        Gauge  Used  in Ill,  194 

Great  Northern  Railway  of in,  178,  183 

Iron Ill,  8;  XI,    73 

u    — A  Conductor  for  Magnetic  Flux I,  407 

44    Car— Illustration I,  169 

u       u    Baume-Marpent's — Illustration I,  162 

44     Chilled— Illustration. ..   IV,  202 

*     Core 1,400 

44     Drawbar  Carry— Illustration,  Plate  II 1, 116-11 7 

44     Filings I,  399,  400 

44     Hopper— Illustration,  Plate  II  I,  116-117 

44  *        Cover  for— Illustration,  Plate  II 1, 116-117 

44     Inner  Drawbar  Carry—- Illustration,  Plate  II 1, 116-117 

44     Inspection  of I,  278 

"     Magnetic  Saturation  of I,  427,  428 

44     Ore,  Weighing— Rules  Governing VI,  149 

44     Permeability  of— in  the  Motor I,  429 

44     Plates,  Laminated I,  467 

44     Railways,  Kinds  of Ill,  111 

44     Russia  I     74 

44     Safety  Beam '^liiusiraiion,  Plate  II.  \ . ". ". '. ". V. V.". .  .1 ,  116-1 1 7 

44     Scrap— Use  of,  for  Wheels IV,  208,  209 

44     Shoe I,  464 

44     Side  Sill  Knee— Illustration,  Plate  II I,  116-117 

44     Step— Illustration,  Plate  II. * I,  116-117 

44     Substitution  of— for  Wood 1, 166,  168 

44     Tests  of .*,  277 

44     Top,  Ring  for  Russia— Illustration,  Plate  II 1,116-117 

44     Truss  Rod  Anchor— Illustration,  Plate  II I,  116-117 

44     Use  of— by  Railways VII,  209,  210 

44    *  —for  Brake  Shoes 1,302,303 

44    u  —in  Building  Cars 1, 157,  168 

44     Yoke I,  400 

Irus XI,    91 

Islands,  Miscellaneous— Their   Primitive  Associations  and 

Means  of  Carriage XT,  366-378 

44                    u            —Primitive    Carriage    in— Illustra- 
tions   XI,  366-378 

Isle  of  Cephallinla ....XI,    83 

Israelites,  Trade  with— by  the  Phoenicians XI,  134 

Italian  Cattle  Car— Illustration I,  190 

44      Express  Locomotive— Illustration , . .  .1,  129 
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Italian  Hair  Boi  i-tti— /"<'«'""»i» I,  160 

IiisldeCoimeitt'd  Kralghu  l.ooomotlve     Illaatration.I,  120 
"  ■  "  Pawentfer  Locomotive—  Illustration 

1,  120 

Italy,  Batwifie  Allowed  in   : V,  388 

Id V,  285 

"      Builders  or I.  162 

"      Effect  of  Government  Mnnwu>vDtlo VIII,  235 

"      Gauge  Used  in.       Ill,  194 

"      HaudllnR  Brttuftgelo V,  385.  886,  433 

"     — ItsPrluimvB  A<ieoi.-ifi;ions  ami  Means  of  Carriage... 

XI.  429-136 

"      Relief  Departments  In.. X,;t47-350 

"     Responsibility  for  Bandage  Id V. 311,  312 

"     Status  of  Hallways  id  - 111,60;  vni.  342 

"     Use  of  MeUI   TUB  In III.  378 

Jtuacs XI,    88 

Jack,  Track— IlltmtrtiHon ni,  332 

Jacks     I,  343 

"      Air I,  269 

"    —Portable .-...1,275 

"       forBiilsli)-;  I.(i.-(imMlve» I,  348 

Jacket  Bauds—  UluAlraUon,  Plata  I.  I.  58-69 

Boiler— HUM  ration,  Plate  I I.  68-59 

.,  Plate  II 1,116-117 

..  Plate  II   . 
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Joint  Chair  and  Wedge,  Old  Portage  Railroad— A.  D.  1832 

—Illustration Ill,  204 

tt      Claims,  Auditing VI,    20 

*     Fixture  Used  on  Western  Railroads,  A.  D.  1869— Illus- 
tration  Ill,  286 

u      Rail,  A.  D.  1888— Illustration Ill,  307 

u      Service  Compartment  and  Passenger  Car — Illustration 

1,221 

Joints 111,301 

u      Broken 111,220,  221 

*      Even Ill,  220,  221 

tt      Pipe I,  330 

Rail 111,834-347 

*     —Effect  of  Depressions  in Ill,  341 

w      Supported 111,215,  218 

w      Suspended 111,215,  216 

Journal II, 273:  IV,  190 

Axle— Illustration,  Plate  III. 1, 170-171 

u       Bearing  Axle— Illustration,  Plate  III 1, 170-171 

«  »      Key— Illustration,  Plate  III 1, 170-171 

*  u  or  Brass— Illustration, Plate  II...  ..1,116-117 
u  Bill,  Special— Freight  Auditor's  Advice  of.  .VI,  307,  308 
tt       Box IV,  199 

( I,    67 

*  u  — Illustrations,  1  Plate  II 1, 116-117 

(Plate  III 1 ,  170-1 7 1 

tt  tt    Bolt— Illustration,  Plate  III. 1,170-171 

tt  *    Cover— Illustration,  Plate  II 1, 116-1 17 

•*  **  Bolt— Illustration,  Plate  II 1, 116-117 

tt  tt        tt      Spring— Illustration,  Plate  II 1, 116-117 

u  u    Dust  Guard— Tllustra  Hon,  Plate  III 1,170-171 

tt    Lid—  Illustration,  Plate  III. 1, 170-171 

tt  tt    Spring  Hanger  to— Illustration I,    67 

General X,  60-62 

tt       Voucher, Special— Freight  Auditor's  Advice  of.  .VI,  307 

Vouchers X,  81,    82 

Journals,  Account X,  77-79 

u        Examination  of— on  Locomotives I,  244 

u        General  Account— Entries  in X,  78,    81 

Heating  of IV,  210 

tt        of  Motor  Car  Trucks I,  468 

*        Side— Account X,  77-79 

Jove XL    92 

Junctions,  Arrival  of  Trains  at IV.  379.  380 

Departure  of  Trains  from IV,  379,  380 

Material  Used  at — Apportionment  of  Cost  of.  .VII,  510 

Trains  Approaching IV,  355 

Wages  of  Employes  at — Apportionment  of. .  .VII,  510 

Jupiter XI,    96 

Justice,  Denial  of —to  Railways— Effect  of VIII,    19 
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Keep,  Albert X.  17ft 

Keeping  Off  tlie  Time  of  u  Train  —  Meaning  of  Terra IV.  318 

Time, "Che.k"  Sysieio  of 1,805.  288 

*      "(."lock"  tiyntem  of 1.  266 

"      of  Mun .l.26.S-aflT.2?9.  280 

Kentucky. Railw«>  Taxation  lu III.  4J» 

Kerosene,  Hand  Hoe. VI.    99 

Key— Illustration,  Pfutf  I I   :-$-t>U 

■•      n     i,„ch„        /u,  .i,,,.™      \  Plntr  tl I.  1I«-117 

B«Jw8h«j-HlbH(«,flo*,,jWa|#/J/ i,i;n-i:i 

*  for  Reglatering  Time 1.366 

*  Four-Way  Co.  k-/«««iran'on 1,341 

"    Journal  Bearing—  IttaMiralion,  PUlU  tit 1,170-171 

Keye.Car— Usaof IV,  333 

"      Draft  Timber  — fHu-e-iih'©™,  Piatt  lit I,  170-171 

"      Switch— lf<e  of IV, 333 

Kiln, Dry ....1,973 

Kilowatt 1.  404 

King  Holt— niu.-f, .,:,.,.  flit.   Ill 1,170-371 

"      ofAga.de \l,  102 

"       Post— nltixtma.,*,  flair  III I,  170-171 

Kings,  Statna  of .  XI,    32 

Kingdoms,  Barbaric XI,    35 

Kneass,  Strickland X,  163,  168 

Knee  Iron,  Side  Si:  -m»«iratim.  Plait  II 1,116-117 

Knob,  Door— Illuntnuitm.  Plate  II 1,116-117 

Knowledge, Comparison  of I,  229 

]>i--  :..,     .:  .-n  .  f I,  226 
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tabor,  Artificial  Associations  of. IT,    35 

44  Associations 11,36,59,    60 

*  Basis  of  Remuneration  of VIII,    42 

*  Betterment  of II,    37 

u  Blotter VII,  362,  379 

44  by  Piece I,  125,  126 

44  Centralization  of Ill,  469 

44  Charges  for VII,  424 

44  Charging VII,  379,  380 

44  Classification  of VII,  37&-3S2 

44  Coercion  of  Capital  by II,    33 

44  Common— Wages  for II,  100,  101 

44  Compensation  for II,    34 

44  Concentration  of. I,  240 

44  Cost  of— in   Repairs  and  Renewals  of  Roadway  and 

Track Ill,  284 

a  "     "  —Upon  What  Dependent  VII,  235 

44       Day I,  125 

44       Disbursement  of VII,  357 

44       Disbursements  for .X,    67 

44       Discussion  of  Questions  Relating  to I,  289 

44       Distribution  of VII,  382-385 

Diversity  of  Practices  Relating  to VII,  239,  240 

44       Divisiouof 1,134,285,286 

44       Divisions  of — on  Railroads II,  viii 

44       Domination  of II,    36 

44       Economy  of — in  the  United  States  as  Compared  with 

Other  Countries II,    13 

44       Effect  of  a  Debased  Currency  on Ill,    21 

44  tt      tt  Currencyon Ill,    19 

44      Efforts  of— to  Raise  Wages II,    34 

44       Element,  Combination  of  the .II,  36,    37 

44       Employment  of 1,143;  II,  104 

«  *  " —Economy  of  Rail  ways  in 11,    27 

44       Evolution  of II,  32-56 

44       Expenditures  of  Railways  for VIII,    24 

u       Fiscal  Affairs  Connected  with VII,  232-248 

General  Distribution  Book VII,  537 

M       Influence  of— on  Cost  of  Maintenance Ill,  383 

u       in  India Ill,  152 

44  Repair  Shops 1,264 

44       Liabilities  for X,    61 

w       Organization  of I,  237;  III,  459 

44  —in  Repair  Shops 1, 264,  267,  276 

u       Organized II,    18 

— Strengthof II,    40 

Ou tlay  for in.  399 

*4       Performed,  Accounts  Against  Persons  for. . . .  VII,  414-429 

for  Others VII,  380 

44       Practices  Governing ,, . , VII, 349-413 
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Labor,  Principles  Governing , 1,  380 

"       Problem.  Solution  of II,    44 

Railway II,  109 

— Tendencyof TI,    23 

Recapitulations  of  Accounts VII.  638-541 

"       Relative  Cost  of 1 1,  106 

"       Saving  Devices VI,    01 

Shop—  Arrangement  of I_  283 

*    —Distribution  of I,  285 

Skilled I.  370 

"  —  Differences  in 1,121 

Status  of— Toward  Capital II,     W 

Subdivision  of I,  886 

"        Tr»ck— t 'ompiirimin  of  Cost  of VII,  3T6 

"      — Helntion  Variou si temsBearlc-EachOllier.il  I,  |SI 

Unions 11,82,    63 

"  "  Breaking  of  Contracts  try II,    38 

Disfavor  of II,     3* 

Government  Of. 11,38,     30 

in  England II,    37 

Unskilled I,  270 

Upheavals— Their  Effect II.    4 " 

'■       Remedy 11.38,  1 

Vouchers  for VII,  436:  IX.  3fl 

Laboratories,  Use  of VII,  10J-ICM 

Laboratory I,277-27»;  11.3" 

and  Ottl.-, — Ithi*tratioiK8 1,374,  2 

*  Grouping  of  Offices  In ' 
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Lamp,  Signal— Illustration,  Plate  I. I,  68-69 

Signals,  Hand— Rules  Governing IV,  348,  349 

44       Tail— Illustration,  Plate  II 1, 116-117 

44       Vestibule— Illustration,  Plate  II. 1, 116-117 

Lamps,  Filling VII,  295 

for  Motor  Cars ....I,  486 

44         Heat  in I,  402 

a         Incandescent — Current  Required  by I,  401 

*  tt  —Electro-Motive  Force  of I,  401 

44         Oil— Use  of,  for  Light IV,  169 

44         Use  of —on  Trains. .  IV,  170, 172, 182, 183, 340, 342, 344-346 

Lancashire  &  Yorkshire  Railway Ill,  183 

Land,  Acquisition  of — by  Alien  Peoples XI,    46 

44      "   Railways 111,160 

44     Bureau II,  138 

44     Carriage— Its  Origin XI,    62 

44     —Disturbance  in  Value,  Effect  of VII  I,    20 

44     Sale  of— Collections  for VII,  422;  IX,  427 

44     Temporary  Possession  of XI,    38 

44     Tickets P. V,  92,  107 

Language XI,  66,  59,    60 

44         Origin  of IV,  244 

Lansing,  G.  L X ,  1 73 

Lantern  Signals,  Early IV,  250-252,  256 

Lanterns,  Filling VII,  295 

•*         Use  of— for  Lighting  Cars IV,  170 

Lap  Position,  of  Engineer's  Brake  and  Equalizing  Discharge 

Valve I,  350 

Latch,  Thumb— Shade— Illustration,  Plate  II. 1, 116-1 1 7 

Late  Slip 1,266 

Lathes I,  265 

Latrobe's  Compound  Rail,  Baltimore  <fc  Ohio  Railroad— A .D. 

1841— Illustration Ill,  231 

Latta,  Dr.  S.  W V,    39 

Lavatories 1,  203 

Law  Department. ...   •  •  • II,  137,  138 

uLaw  Expenses*1 VII,  496,  524 

Law,  Governing  Triple  Valve I,  346 

44     Interstate  Commerce.. . , VI,  43,    45 

44     Makers II,  228 

44     Mosaic XI,    41 

44     of  Supply  and  Demand II,    34 

44     Ohm's I,  402 

Practice  of II,  227 

Study  of II,  227 

Laws,  Character  of — Affecting  Railroads VIII,  214 

44      Economic II,    33 

u  *  — Influence  of,  on  Railways IV,      8 

44      General— Effect  of VIII,  317 

44      Governing  Water  Transportation II,  47,    48 
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Lama,  Natu ml—  Effect  of  Interference  with VIII,    21 

— GoverningCommerc*. VIII,    31 

of  Great  Britain II,    46 

"       Regulating  the  I*su»nca  of  Stork Ill,     73 

"      Restrictive— Effect  of VIII,    3* 

Statutory  -Influence  of,  on  Ball  Way* IV,      H 

"       Transportation VIII,     B4 

Lawyer,  Characteristics  of II,  233,  234 

Lawyers  as  Law  Makers II,  228 

Employment  of Ill,  425 

"  Specialists  Among II.  227 

Lay -Bye— Menu  ing  of  Term IV,  31 5 

Lead Ill,      K 

Lead-Lining  Machine" I.  258 

Lead,  Use  of— by  Railways VII,  20ft 

Leaders,  of  Lshor  A-^iatiuns 11,    311 

Leaf,  Grain  Door—  Itlwttmtion,  Plate  III 1,170  171 

"     Hinges,  Grain  Door— JHiMfraHm,  Flail  HI 1, 170-171 

Leakage  Grooves I.  377 

Leaks 1,303,  330 

"      Cause  of .-I,  Sflft 

»  "      "—Instructions  to  Switchman  *> id  Yardmen. I.  37(1 

"      Discovering—  'nstructious  to  Trainman 1,370,  371 

"      In  Air  Signal  I'ipe I,  371 

Leases III.    SO 

■'       Authentication  of II,  182 

"       Details  of III. 02-100 

"       Drawing 11,137,  232 
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Legislation,  Necessary VIII,  21 2 

Oppressive VIII,  208 

Railway Ill,  136 

Unwise— Effect  of VIII,    19 

Legislature,  Right  of —to  Control  Rates VIII,  68,  163 

Leicester  &  Swannington  Railway I,    64 

Leland,C.P V,    80 

Lessee,  Profit  of II,    43 

Lessees,  Obligations  of Ill,  98,    99 

Lessors,  Duties  of Ill,  99,  100 

Letourneau,  Ch XI,    28 

Letter  Board  or  Frieze— Illustration,  Plate  II 1, 116-117 

Letters,  Circular IX,  41,    42 

of  Advice  and  Identification .  .VII,  410,  411 ;  IX,  398-400 

44       *       to  Accompany  Pay  Checks X,  245,  246 

Leuctra,  Battle  of XI,    87 

Level,  Track—  Illustration Ill,  329 

Lever  Brake I,  291 

44  u        1826— Illustration I,  295 

*  *        1832— niuatration I,  297 

u        Early— 1630— Illustration I,  291 

Equalizing— Illustration,  Plate  II 1, 116-117 

tt       Truck— Illustration,  Plate  II I,  116-117 

*  Cylinder 1,332 

-Illustrations,  j  plate  HI aJ  170_m 

44  u         Cock— Illustration,  Plate  I I,  58-59 

*  Engineer's— in   Connection   with  Reversing  Gear— 
—Illustration I,    91 

u       Equalizing  Effect  of I,    52 

Floating— Illustration.  Plate  III    1, 170-171 

or  Hodge— Illustration.  Plate  II. 1, 116-117 

Operating— Illustration,  Plate  II. 1, 116-117 

Hewerse—Illustration,  Plate  1 1, 58-59 
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44       Reversing .1,    91 

«  »         —Illustration „I,    60 

*4 


Sand— Illustration,  Plate  I I,  58-69 

44     Box— Illustration, Plate  1 1,58-69 

44       Stub,  Shake— Illustration,  Plate  1 1, 68-59 

44       Throttle— Illustrations,  Plate  1 1, 68-69,    64 

tt       Truck— Dead— Illustration,  Plate  II 1, 116-117 

—Live— Illustrat ion,  Plate  II 1, 116-117 

Uncoupling— Illustration,  Plate  II 1, 116-117 

Wooden 1,296 

Levers 1,292,  881 

44     Brake 1,214,334 

44     Equalizing 1,61,  110 

44     Reverse I,  286 

44     Truck— Dead 1,329,332 

44       -Live 1,832 
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Leverage I,  STtt 

Liabilities,  Accounting  for X,    61 

Definition  or X    « 

Description  o( X,183,  184 

Liberty,  CIvll-Ilow  Maintained XI,     45 

l.il.niries.  Free X,  323 

Mil,  Journal  Bos—  Illustration,  Plate  III 1,170-171 

Lift,  Door  Sash-JHw*' rii/ion,  Plnte  II 1, 116-1 17 

"       Window— Hl<"« rntiiin,   Plate  II 1,116-117 

Blind — Illustration,  Plait  U. 1,116-117 

Lifting  Shaft I,    80 

Ligbt 1,873,  274 

s     PIntscli  G-M-Hh'»l'--ition. IV,  174 

"       Production  of— by  Electricity IV,  176 

"  "—from  Gal  van  to  Mattery IV,  175 

"       Provision  for— in  Roundhouses I,  240,  243 

"       Push  Cat— niuvt ration ...1,147 

Lights,  Electric— Development  of I,  630 

Pintsoh - I,  204 

Lighting,  Arc ....1,414 

— IShUlle  Svstem IV,  179 

Cars 1,204;  IV,  166-1S5;  V,  31!,     37 

"     Cost  of XV,184,  185 

"      Systems  of IV,  171 

—Direct  Current  System IV,  176-1SO 

Highest  Form  of. IV,  ITfl 

Incandescent. I,»»,  423,  424 

Modem IV.  1  OH,  U< 
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Line,  Transmission •. I,  439 

44     Trolley— Double I,  446 

44         *       —  High  Tension 1,452,  463 

Linen,  Facilities  for  Repairing 1,174 

Lines,  Fast  Freight v-  VI,  49,75,    76 

44      New— Construction  of II,  211 

u      of  Magnetic  Force I,  406 

Lining,  inside-Tz^^iona,  j  gj£  &;;;;;;;;;;;;;;{;  JJgzJg 

Link— Jtttfsfratfonft,  Plate  / ".1,68-69,    60 

*  Block 1,90,    94 

44         *     —Illustration,  Plate  1 1,58-59 

a         *      Pin— Illustration,  Plate  1 1,68-69 

•  Crescent— Illustration,  Plate  II 1, 116-117 

tt      Carved I,    48 

tt      Expansion— Illustration  Plate  I L  68-69 

tt      Hanger— Illustration,  Plate  I I,  68-69 

44  u        Crescent— Illustration,  Plate  II 1, 116-117 

44      Hangers I,    90 

tt      Motion 1,48,49,116 

*       First  Introduction  of— in  England I,    48 

44  *  *     Locomotive  Fitted  with 1,    48 

44  *       Howe's,  1842— Illustration I,    49 

44  *       Shifting— First  Locomotive  Fitted  with I,    48 

M     Purpose  of ,1,    90 

Links I,  286 

44     Suspension I,  297 

Lintel,  Deck  Sash— Illustration,  Plate  II. 1, 116-117 

44      Door—  BUts  tration,  Plate  II 1, 116-117 

Liquid  Fuel— Its  Advantages  Over  Other  Forms 1, 102,  103 

*      Stored  Under  Pressure I,  298 

44      Susceptibility  of— to  Cold I,  298 

Liquids,  Austrian  Car  for— Illustration I,  165 

44       Brake  Operated  by I,  292 

List  of  Railway  Officers  and  Employes II,  308-320 

44    *   Uncollected  Freight  Bills IX,  66, 268,  406 

Little,A.E V,    80 

Live  Brake  Lever— Illustration,  Plate  III 1, 170-171 

"Live"  Balls,  Objections  to I,  465 

Live  Steam  Channel— Illustration I,    65 

14    Stock,  Accidents  to IV,  426 

44        u     —Caring  for  En  Route VI,  101,  102 

44        *     Contracts V,  204 

44        -     —Crippled  En  Route VI,  102 

44        tt     —Feeding  En  Route VI,  102 

44        u      Persons  in  Charge  of , IV,  418 

Shipments  of ,.•,«.«••••»  •  VI,  99,  100 

—Transferring  En  Route , VI,  102 

Transportation  of VI,  101,  109 

Watering— Charges  for IX,    61 
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Load,  Freight  Car  .... 7 ....... 7...7.7 

"     —Methods  of  Carrying  by  the"  Ancient 

Upon  Booster '. 

Loaded  Car  Ticket.  RulV-V  (^.verning 

"    Tickets  ..  "  y 

Use  of 

Loading:  Cars,  by  Gravity 

Charges  for 

Loans,  Negotiation  of 7.7.  .7. '] 

"      to  Employes 

Local  Baggage,  Checking 7.7  ..."".,  .'." 

2      Coupon  Tickets .!,,."" 

Excess  Baggage  Traffic  . . 

Finances 

Freight  Agent ' 

Traffic '. 

Master  Mechanic's ""' 

Passenger  Agent 

:   Ttok"rt  R.^£'r":*■.u,"  *?^JE! 

Return,  Monthly. .. ,. 

"      Tickets 

"       Traffic 

"    "ay bhib ";;; ;;;; ;;;;; 

Location,  Influence  or-on  Railway  Disbursed 

or  Air  Pumps 

"  Power  Station 

"  Repair  Shops "'...' 

Roundhouses 
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Lock*,  Use  of IX,  338,  339 

Locomotive.    (See  also  "Engine") 

Ability  of— to  Bun  Backward  or  Forward. ...I.    89 

Adhesive  Power  of IV,  100 

"  Advent  of  1,163,  164 

"  Air  Brake  Apparatus  on J,  315 

"  **    Signaling  Apparatus  on I,  363 

"  — A  Living  Thing 1,163,  154 

**  "America,1'  1S3S 1,    28 

"  American I,  ISO 

"  **         Built— Reward  Offered  for  the  Best. 

I,    32 

"  "  —Superior  QuaJltlea  of.. 1,30,  44. 151,  152 

"  and  Teui-l(>r.K..'lj;iiiii  Piis^mi^.t—  Illustration.. I,  136 

*  "  Combined,  Belgian— n(«*/i-«Hoi«.. I,  1S6 
"                "  "  Berlin  -Hamburg  Rail- 
road— Illustration.  I,  130 

"  "  "        for  Swiii'liiiijr  Purposes* — French — 

Illustration 1,  123 

"  Apparently  Perfect  Parts  of. I,    61 

"  Application  of  the  Sweeney  Brake  to I,  383 

—as  an  Engine 1,82,    83 

"Atlas,"  1834  1,    31 

Austrian— Zltttstrat  ions 1,117,136,  137 

"  Average  Mileage  of I,  166 

"  ™        Performance  of I,    71 

Baldwin— "A  tlai.iic.  X*prf<— JlhBfroKM I,  143 

B:t  It  ini.  >rr  ,M  ci!,j,,  K:,  i)  ■■< .;,..!      Th./    l-jr.-t.  Pasnen- 

ger  Mogul,  1&76— Illustration I.    46 

"  Beauty  of I,  150 

"Beat  Friend,"  lSW—/"w/ro/i'o» I,    33 

Blackettfa 1,    23 

"  "         Second I,    83 

"  Blenkinaop's— Details  of I,    41 

"  "Blucher/'ISU—Steprienson's I,    25 

"  "  Stephenson"*— Details  of I,    42 

"  Boiler, Effect  of  Impure  Water  Upon I,  248 

"  "       Filled  with  W.'iier.LongiruditiftlSectlon 

Of— Illustration I,    98 

*  Books  on IV,    36 

"  Brooks'  Consolidation  Freight— Illustration  .1,  138 

"  "Brother  Jonathan,"  1832—  Illustration  ......  I,    34 

"  "Camel,"  1848— Built  by    Rosa   Wiuans— III-m- 

tration    I,    42 

"Campbell,''   8:)T— / 1 luxt ration J,    62 

"           Cast-1  ran  1  >t  iving  Wheel  with  Steel  Tire— Illus- 
tration  IV,  200 

"  Cleaning  Material  Stripped  from I,  281 

"  "Comet" I,    33 
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:  "Da  Witt  Cllnto;"-Se°F? 

1831— Th 

Discovery  of. . .  Vati 

Distribution  of'ivVighVof.7 

Dragon/    1848-The  First 

Burning  Cumberland  C 

;     Earai°„iIaovfe.a.R0<:kln«  o» 

u  |£y  Ptiau— Illustration 

u  "       — Illustration..'/,'// 

Baltimore  &  Ohio  j 
u  u  —Illustration... 

U  Employes  he.^i,mann 

End  Sought  in  a.. . ." 

P^w?1"8'  ?r°t*erhood  of.! : 
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y  u  Experiment,"  1832-Hlustrat 
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locomotive  Frame I,  108,  109 

u      Development  of I,    63 

"  Freight— Brooks'  Consolidation— Illustration., 

I,  138 

"        —Italian,  Inside  Connected— Illustra- 
tion   I,  120 

Front  View  of— Illustration I,    63 

Fuel,  Use  of  Oil  as 1,100,  101 

"George  W.  Johnson,"  1830— The  First  with  a 

Double  Fire  Box.. I,    49 
1830— The  First  with  a 
Double  Fire  Box— 
— II lus  tration  ....  I,    49 

"Goliath" I,    31 

"Grasshopper"  Pattern  of I,    32 

Grateof ...I,    95 

u      Surfaceof 1,72,    73 

Growth  of I,    38 

Hauling  Power  of Ill,  196;  IV,    99 

Heating  Surface  of 1, 71-73 

•  HedleyV- "Puffing  Billy"— Details  of I,    42 

"Hercules,"  1837— Details  of 1,51,    62 

"  "    —The  First  Having  Equalizing 

Levers — Illustration I,    51 

History  of— Its  Value I,    16 

How  Looked  Upon I,  164 

"     Prevented  from  Becoming  Logy I,    94 

14     Regarded  by  Man I,    61 

14     Started I,  113 

44     Supplied  with  Fuel I,  108 

Idea  of — Origi n  of II I,  125 

Illustrations  Portraying  the I,  59,    61 

Inspectors,  Employment  of IV,    38 

Introduction  of— Gauge  Adopted  Ill,  193 

Inventor  of I,    20 

Invention  of— by  Tre vithick XI,  611 

Italian  Express— Illustra Hon I,  129 

—Its  Successful  Operation  in  England I,    28 

"James"— the  First  Fitted  with  Link  Motion.  I,    48 
"John  Steven 8 "   Camden  A  Amboy  Railway, 

1849— Illustration I,  •  44 

—Length  of  Time  Kept  in  Service I,  247,  248 

"Locomotion,"  Stephenson's— 1825 1,    26 

Machine  for  Removing  and  Replacing  Wheels  of 

I,  261 

Machinery  of I,    69 

Manufactories,  Number  of I,  138 

Matthew's,  1840— Illustrat ion I,    41 

Metallic  Parts  of I,    92 

Methods  of  Firing I,    97 

34  vol  19 
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Locomotive,  Modern • I,    W 

"         —Details  of 1,  lis 

"  Newton"s  Experimental.  1600—  Illustration. ..  I,     17 

"  "Northumbrian" 1,39.    46 

Objections  to I,  384 

"  OljfitaiOi's  Overcome  by IV.     97 

*  of  Cbeminsde  Fer  del'Etnt  Beige 1,  IN) 

"Old  Ironsides,"  1832 1.    49 

—The    Flrrt    Built    by    Mnt- 
thiiis  W.   Baldwiu-JHi.*- 

trutfon. J,     60 

"  on  China  Railway— Illuxtration r,  131 

*  Opnorruiiitv  to  Become  FmiilllUr  with I,  11(1 

Parts  of I.  530-533 

"  Passenger—  Ifiildwiii    Sinulti     Driver— tflustra. 

Hon I,  14-2 

"  "  —  ii'M'itinii  li-'qiid  Transit— W.irschwi- 

Wlen  Ruilrfiirt— Illuntraiiau  , ..  I,  131 
"  "        — Italian,  iMldaCttnudoted   JHwtfgg. 

lion I,  120 

u  Perfection  of— t>v  Slepbenwn I,    *5 

"Phcenix" I.     33 

"Pioneer,"  1836— JliHsfraKoft I,    39 

"Planet."  1830 I,    30 

Cylinders  of I,    46 

"  Pneumatic    111,120 

"  Power  of— How  Determined 1,    65 

"in]S30 1,    87 


GENERAL  INDEX.  201 

PAOK 

Locomotive,  Saddle  Tank— American  Four- Wheeled— Illus- 
tration   I,  105 

"Sampson" I,    53 

"Samson" I,    31 

tt         1838— Built  by  Timothy  Hackworth— 

Illustrahon I,    40 

u  Sand  Pipe  of— Supplemented  by  Steam  Blast— 

Illustration I,  111 

44  Schenectady—  Illustrations 1, 139, 140,  142 

M  Scientific  Features  of  the  First 1,  294 

**  Scottish  Double  Header— Illustration I,  135 

tt  Sectional  Views  of— Illustrations 1, 65,    67 

44  Siberian  Rail  way— Illus  tration I,  129 

*  Side  View  of— illustration I,    59 

Simple I,    92 

44  Single  Expansion 1, 92,    95 

Six-Wheeled— Value  of I,    33 

Spring. I,  109 

44  Standard  American— Illustration, Plate  I... 1, 68-59 

44  Startingthe I,    94 

**  Steam— Classes  of  Service  Performed  by I,  607 

14  tt      Reservoir  on I,    76 

44           Stephenson's  First— "Blucher,"  1814— Illustra- 
tion   I,    26 

44  Stephenson  Type  of I,    30 

tt  "Stourbridge  Lion,"  1829 1,    28 

«*  •*•*•*   —Illustration I,    28 

44  Suburban I,    67 

M  Supplies,  Accounting  for VII,  154 

44  Supply  Station— Illustration I,  276 

44  Tender I,  101 

44                 u      for  Pushing  Trains,  Belgian—  Illustra- 
tion  I,  126 

u  "      French— Illustrations 1, 127,  131 

41  *      Vestibuled 1, 198 

14  *      Wheel.  Cast-iron— Illustration IV,  197 

44  Ten-Wheeled— Breda,  Milan— Illustration.. .  .1,  133 

"Thatcher  Perkins,"  1863-First  Ten-Wheeled 

Passenger  Engine— Illustration I,    46 

44  The  First  Fitted  with  Shifting  Link  Motion . .  I,    48 

44  u       tt     Putin  Operation  in  the  United  States 

I,    28 

u  **    Genius  of  the  Railway  System -I,    15 

44  **    Heilmann— Illustration I,  518 

44  tt     Standard  Type  of I,    30 

44  "Tom  Thumb,"  1829— The  First  to  Draw  a  Car 

on  the  American  Continent— Illustration.  I,    27 
"Traveler,"  1832.    First  Distinctive  Freight  En- 
gine— Illustration I,    38 

Trevithicks,  1803 1,20,    21 
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Locomotive,  Trevitbick's,  1803— Illuatration I.    20 

-    —Details  of 1,     41 

Truck,  Americau--8tde  Vlewof— -W~fm<»on,  l.    gn 

*  "      Electric— lltiuitratfoii ..I,  fil3 

*  "      Wheel,  Paper— lllwt  (rations IV,  198 

"  Valueof— its  Appreciation  by  llio  Public I,     33 

Wheels,  Construction  el I,  110 

Without  Smokestack— lUntfraffM 1,  134 

Workof IV,    87 

"York,"  1831 1,    Si 

"  —The  Winner  of  the  Baltimore  & 
Ohio  Prize  of  Four  Thousand 

Dollars— MuMration I,    33 

Locomotives,  Adapt  ability  of I,  165 

"_ToGratlienUimdCurves.nl,  114 

American I,  111 

Baldwin— lUutlmtion I,  145 

Builders  of I,  124 

.     Careand  Maintenance  of 1,230,235,283,  284 

"     of 1,231,238-247 

"  Classes  of I,    65 

Competitive  Trial  of— In  1B29 ....I,     39 

Compound— While  there  are  numerous  references 
to  the  Coinpi.in.iid  Locomotive  in  Vol.  I,  and 
alsoa  number  of  ilkctraiions.  yet  the  reader 
is  referred  for  u  full  account  of  the  Compound 
Locomotive,  fully  and  practically  illustrated, 
to  Vol.  XII. 
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Locomotives,  Fuel  Delivered  to VII,  834,  335 

Gauge  for 1, 36-37 

44  Hauling  Capacity  of— How  Rated IV,  64,    66 

rt  Heavy— Necessity  for I,  249 

Higher  Forms  of I,  1 19 

44  How  Signals  are   Displayed   on— Under   the 

American  Standard—  Illustrations,  IV,  481,-494 

44  Improvements  in  Construction  of I,    43 

M  Inspectors  of— Rules  Governing ......  IV,  430,  431 

14  Jacks  for  Raising   1,243 

44  Machinery  for  Constructing  and  Repairing.  .1,  121 

44  Manufactories  of I,  130 

44  Manufacturers  of 1, 34, 116,  141 

44  Number  of  Brakes  Used  on I,  314 

44  of  Different  Countries— Similarity  of I,  161 

44  tt  Portable  Railroads 1,223,224 

44  Oil,  Waste  and  Tallow  Delivered  to.  .VII,  320,  321 

44  Painting I,  262 

14  Passage  of  Extra— Over  Road IV,  371 

44  Passengers  on IV,  380 

Peculiarities  of IV,  33,    34;  VII,  171 

44  Performance  of X,  100-108 

44  Persons  Riding  on IV,  428 

Portrayalof 1,140,141 

44  Primitive  Application  of  Steam  to XI,  610-620 

44  *  *      u       u  —  Illustra- 

tions . . . 
XI,  610-620 

44  Registersof K VII,  366 

44  Repair  and  Renewal  of I,  232 

44  Repairing IV  428,  429 

44  Repairsof 1,237,247-267,  382 

44  Reports  of X,  100-108 

44  Service  Rendered  by 1, 165,  166 

*  Standard  Forms  of. I,  119 

44  Stephenson 1,392 

44  Stephenson's— Valve  Gear  of I,    48 

44  Suburban  Service 1,240 

44  Supervision  of. II,  201 

44  Tayleur  &  Company's — Cylinders  of I,    46 

44  Tendency  of— to  Leave  the  Track I,    52 

44  ToolsUsedon VII,  153 

44  Transportation  of — by  Animals I.  223 

44  Use  of  Crude  Oil  in I,    64 

44    "  Oil  as  Fuel  on 1,102-105;  VII,  310 

41  u    tt  Woodfor I,    64 

44  Weightof 1V,101 

44  u       u —Statement  of I,    39 

•ko&fflm?  Truck,  American — Illustration I,  164 

Logs,  Hauling— Railroads  for I,  217 
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Lombard  v.  State  Management  ol  Railroads  In VIII,  239 

Lonilou  &  Bmiiin-liam  Hailwav I,    37 

"  NwllnuM.Ti,  Kailivav .1,  ;!.').  3(.i,  54;  II.  15, 

•20'J;  IV.  04;  V,  2S2.  429,  432 

Pension  Fund  of.... X,32i;-.'i2« 

"        "  "  "  Battel  [)o(>artnientoI...X.  298 

'.onjj  and  Short  Haul VIII,  125, 12C,  272-275 

Longitudinal  Stays,  Forward-  Ili>i»tration I,     98 

"  *        Hear — Illustration I,    98 

Ties Ill,  179,  201 .  HH 

"  "     — I'se  of Ill,  318-320 

Truss  Roil—  III  ti»!  ration,  Plate  III I,  170-171 

Loop,  I 'beck  Chain  —  Hiii«trt<lioii,  Plate  II 1,116-117 

"      Draw  Bar—  It  I  tit,/ rat  ion  ,  Plate  III 1, 170-171 

Lorry— MeaninR  or  Term IV,  315 

Losb  A  Steiiliciii-oiiV  Kiln.'  Hail. Stockton  A  Darlington  Rail- 
road—A.  I).  1S14— ittuttraOo* Ill,  189 

"Loss  and  Damage" VII,  490,  621 

Lose,  in  Preasure—  Illuatratiima I,  418 

"      ot  Energy I,  398 

"      "    Heat 1,398 

"      *    Power 1,430 

"      "  "     —  JteEffSot.., 1,416-419 

—  l>m  Wlutl  [>«i>eiident ...1,415-419 

"       "    Pressure I,  430 

Losses 1 1,  290 

"       Apportionment  uf VI],  511,  512 

t-jgatfO    V,  316-3^2 
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Lower  Brake  Connecting  Rod— Illustration,  Plate  II.  .1, 116-117 

Deck  Celling— Illustration.  Plate  II 1, 116-117 

44       Door  Panels—  Illustration.  Plate  II 1, 116-117 

*         *      Sash— Illustration.  Plate  II. 1, 116-117 

44       Intermediate  Purline— Illustration,  Plate  III. .  .1, 170-171 

44       Rail  of  Frame— lllust rations.  Plate  I I,  58-69 

44       Ridge  Pole— Illustrations,  Plate  III     1, 170-171 

44       Swing  Hanger  P\votr-IUustration,  Plate  II I,  116-117 

44       Wainscot  Rail— Illustration,  Plate  II I,  116-117 

Lowering  Transformers 1, 427. 451,  452 

Loyalty  of  Employe  to  Employer II,  31,    32 

44  Railway  Officers  and  Employes II,  65,    66 

Lubricants,  Cost  of IV,  210 

44  Inferior— Effect  of  Use  of Ill,  402,  403 

Useof VII,  123,  123 

Lubricating  Device— Illustration I,  281 

Lubricator I,  315 

44  Ai r  Pump— Illustration,  Plate  I I,  58-59 

44  Cylinder— Illustration,  Plate  I I,  58-59 

44  pipe — Illustration I,    60 

Lubricators,  Continuous,  Sight  Feed I,  253 

Luce,F.M IV,  60,    65 

Lugano,  Switzerland,  Electric  Tramway — Description  of — 

I,  505,  506 

Lugs,  Coupling I,  371 

44      Dome— Illustration I,    98 

44      Shell— Illustration I,    98 

Lumber,  Purchase  of VII,  288,  289 

Receipt  of VII,  288,  289 

Storing : VII,  294 

Yard 1,272 

Luxuries  of  Passenger  Service— Their  Origin I,  198 

44   Travel I,  148 

Lycurgus ; XI,  100 

Lydia .XI,  100 

Lye  Tank I,  261 


Machine  and  Erecting  Shop  1, 251, 254, 264,  265 

44        for  Removing  and  Replacing  Locomotive  Wheels  .1,  261 

Multi-Polar 1,  411 

44         Riveting--Hydraulic 1,265,  256 

44         Series— Illustration I,  412 

Shops I,  239, 261, 269, 272,  273,  275,  286 

44         Shunt— Illustration I,  412 

Tools I,  265 

Machinery,  Age  of I,  134 

44  Apportionment  of  Wear  and  Tear  of VII,  607 

Care  of I,  1 26 

44  Constructing  and  Repairing ,,..1,  121 


Rank  of  MoiVi'd 'ri,' 

Mi.tH.s  ,.f_i„    Kar,v 

Value  of  lu/ormnti'o 


"  DeaTjjns  for. . ,      '" 

Effo.tuf  l,ir<.)leM  0B 

the  Brake.....  

Ballwav_Wben  tBe  yltBi  'j^,,— 

"  Renewals  of..* 

Itepiacln^  Ha.nl  Work  by."  "" 
™vec,ntf- Portable.  ..  

B  Scarfing 

SelevtJon  of .*.'.'",',* 

"  Uaeof...  ™; 

w/*r  Bnii  Tw  of.'.'.'.".'.""',' ,'.'*" 
Machines,  Boring  >K 

Electric'',". 
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Magnets,  Poles  of I,  410 

"Magnetic  Blow-out" I,  485 

Magnetic  Effect  of  Electric  Current 1, 399, 400,  401 

tt        Field 1,399,405-407 

u        Force,  Lines  of I,  406 

44        Induction I,  400 

Magnetism,  Alternating I,  422 

*  Effect  of —on  Watches IV,  337 

Mail  and  Express  Service : V,  515-563 

u    Cars 1,183 

44    Delivery  of 111,414 

u    Earnings,  Definition  of X,  178 

14    Railway— Handling V,  405,  406 

tt    Rates V,553-557 

u    Service V,  552-563 

44    Trains,  Speed  of IV,  376 

Mails,  Carriage  of V,  552-563 

44      Distribution  of— in  Cars V,561,  562 

Main  Frame — Illustration,  Plate  I.  1, 58-59 

u     Gas  Cock— Illustration,  Plate  II. 1, 116-117 

44     Line— Meaning  of  Term IV,  447 

44     Reservoir 1,334-336,  380 

tt  *        —Illustration I,  639 

44     Rod— Illustration,  Plate  I. 1, 58-59,    60 

44        u    Connection— Ulust ration,  Plate  I. 1, 58-59 

44        u    Front  Strap— Illustration,  Plate  1 1, 58- 59 

44     Shut-Off  Valve— Illustration,  Plate  II 1, 116-117 

44     Switch I,  460 

44     Track— Meaning  of  Term IV,  319 

Maintaining  Air  Pressure I,  320 

44  and  Constructing 111,107-483 

Maintenance Ill,  272-483 

44  Cost  of 111,58,145,423 

«  «     «  —Effect  of  Traffic  on Ill,  475 

44  u     -  —Relation  to  Rates VIII,    43 

44  "     tt  —Upon  What  Dependent.  ..Ill,  383-412,  482 

44  Effect  of  the  Rigid  Wheel  Base  on Ill,  148 

44  Fixed  Expenses  of Ill,  466 

44  Influences  Affecting 111,458-483 

44  — Meaningof  theTerm 111,388 

44  of  Bridges,  Cost  of HI,  292 

44  u  Cars I,  237 

44  tt  Cattle  Guards,  Cost  of 111,292 

44  tt  Culverts,  Cost  of 111,292 

44  *  Equipment 1, 288 ;  VII,  479-485,  616-518 

44  u  Locomotives  and  Cars 1, 230, 232,  235 

44  **  Roadway II,  211 

44  tt  Rolling  Stock...  1,238 

44  u  Ties III,280-2B4 

*  tt  Track UI,  206, 238-300 
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Mai  lite  minor,  of  Way  and  Structures VII,  473-479,  514-616 

Kail  wjiv— Things  Involved  in 111,481,  483 

Relation  of  Various  Classes  of— lo  Total  Cost 

of Ill,  402 

Relative  f'ost  of— for  Operating  by  Steam  and 

i>v  EUwtricity I,  616 

Separation  of— from  Handling  tbeT  raffle  of  a 

Railroad II,    33 

Making  Tiint— Meaning  of  Term IV,  319 

Up  Trains I,  324 

"      and  Testing  Brakes — Instructions  to  Car 

Inspectors 1, 330,  331 

—  Instructions  to  Engineinen I,  317 

■ "  "  Trainmen I,  321-323 

Malaysia— Its  Primitive  Assni-ijiiionsaiid  Menus  of  Carriage 

XI,  308-315 

—Primitive,  t  'arrisigr.  i  n— Jlhwi  ml  ions 31,306-316 

"       Existence  of I,  168 

Evolution  of XI,  0,  10,25,  28,    39 

— His  Capacity  for  Development I,  iei 

Laboring- Status  of I,  135 

Primitive I,  160 

Railroad— Education  of .- I,    63 

Management,  Oorporats—  Efficiency  In II,  281 

l  'o.-t  of  -Apportioning VII,  fiOl 

Discretion. of Ill,  414 

KfTivt.  of— on  Rates Ill,  57,     68 

mult— (See    "Govet 
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Manager,  General — His  Belation  to  Subordinates.il,  165, 166,  162 

44  -      — Motivesof II,  154 

44  u      —Scope  of II,  173,  174 

u      —Titles  of II,  153 ;  VII,  350 

44  u      Traffic II,  138 

44         Goods— English 11,208,  246 

44         Meaning  of  Title II,  142 

44        Belation  of— to  Accounting  Officer. II,  299-301 

44         The  Best II,    23 

Titleof.^ VII,  250 

44         Traffic— duties  of II,  237-241 

44  u       —Title  of VII,  250 

Manager'sCar VII,  225,  226 

Managers,  Acts  of VIII,    38 

44  Adviser  of • II  229 

Beliefs  Fostered"  In  Regard  to.... .".  .V. ......  VIII,    23 

Capacity  of VIII,  170 

Differences  in VIII,    48 

Discretion  of VIII,  134 

Frequent  Changes  of— Their  Effect VII,  148 

Functionsof Ill,  418 

Good  Judgment  in II,    93 

Influence  on  Rates VIII,    56 

44  Interest  of— in  Employes IV,    24 

44  Meetings  of I,  229 

Need  of. 111,418 

44  of  Corporations II,    73 

44  Railways 1,37,  230 

44  Power  of. VIII,  82,  112 

44  Qualifications  of II,    20 

Railway 111,429 

44  *        —Ambition  of II,  119 

44  tt        —American Ill,  141 

44  *        — Dutiesof V,  356 

44  *        —Effect  of  Public  Criticism  on V,  358 

44  *        — Fidelityof II,    79 

44  u         —in  Great  Britain Ill,  148 

44  u        — Their  Interest  in  Safety  Appliances. . . . 

IV,  109,  110 

44  Statistics  Required  by X,    33 

44  Study  of  Statistics  by X,  23,    30 

44  The  Most  Effective II,  201 

44  —Their  Incentive  to  Foster  Business Ill,  425,  426 

Traffic 11,63;  V,  15;  VI,  11,    18 

44  Value  of  Returns  to II,  286 

View  of  Affairs  by X,    30 

Wages  of Ill,  418 

Wisdom  of 11,77-79 

Manchester,  Competitive  Trial  of  Locomotives  at I,    29 

Manhole  Opening— Illustration ,...!,    98 
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Mankind,  Relation  of  Property  to.. XI. 

Manifolding  Pens,  Use  of VI.  9 

Manipulation  of  Trains II,  3 

Mnnstleld,  Gauge  Adopted  by HI,  1 

Manuals. .II, 

"  Embodl n1  of  Rules  in IV,  3 

Manufactories,  Car— Spectalis-ls  Among I,  2 

"  in  Great  Biitai  n I, 

**  Locomotive  and  Car,. 1, 130.  1 

"  Operation  of — by  Owner* II, 

"  Prosperity  of LI 

*  Railroad 1,  2 

"  Relative  Merita  of I,  1 

The  First  Known  to  Mankind I,  130,  1 

Manufacturer.  Earliest.  He  fere  nee  to .1,  1 

Llllputtan  Railroad I,  3 

The  Successful IX, 


Manufaet 


Awerka 


-  —in  the  United  8r«tee I,  100 

Contracts  witli VI 1,    89 

Intelligence  F.  it  en  'I  Mil  by I,  I2ft 

Labor  of — lis  Distribution I,  285 

Locomotive 1,34,  lie 

audt'ar I,  HI 
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Manufacturing  Shops,  Privilege  of  Inspecting I,  127 

Maps 11,213;  V,  115 

Marathon,  Battle  of XI,    86 

Marco  Polo , XI,    28 

Marine  Engines I,  103 

44       Hospitals,  Transportation  for V,  144 

Markers,  Use  of IV,  344 

Market  ofthe  World Ill,    24 

the  First XI,    72 

Markets,  Effect  of— on  Bates VIII,    61 

Marshall,  H.C :...V,    80 

Maryland,  Railway  Taxation  in Ill,  462 

Masonry I,  253 

u         Arched Ill,  129 

tt         Partitions  of I,  272 

Massachusetts,  Legislation  in— as  to  Color  Blindness,  IV,  241,  242 

Railway  Commission VII,  200 

Master  Car  Builder I,  284 

M        u    Builders9  Association,  American I,  208 

44      Carpen  tera I,  230 

44      Mechanic,  General I,  277 

14      Mechanics    1,129,230, 

233,  247, 264, 271,  277,  284;  II,  63,  82, 138,  277 ;  IV,    37 

u       Mechanics' Association  of  America I,    64 

u      Mechanics,  Division II,  200,  201 

Local 1,277 

Requisitions  of VII,  72,    73 

44      Station— English II,  208 

Match  Striker— Illustration,  Plate  II 1, 116-117 

Material.    (See  also  "Supplies.") 

Access  to VII,  293 

*  Account,  Classification  of VII,  274 

44        Accounts VII,  42-44,  252-272 

44  tt         Methods  of  Keeping VII,  240,  244 

*  *         What  They  Represent . .  VII,  273 

14        Accounting  for. . . VII,  238, 252-276, 311-316 ;  X,  87,    88 
u  M  u  ^practices  of  English  Railways. . . . 

VlI,628-530 

44        Amount  Kept  in  Store— Upon  What  Dependent . . . 

VII,    59 

44  tt     onHand VII,    29 

Balances VII,  273 

Book,  Use  of VII,  100,  101 

u        BrakeShoe 1,301,  302 

Bridge— Shipping .....VII,  191 

44  u     — Storageof VII,  190 

Building— Shipping. , VII,  191 

Buying VII,  76. 252  258 

14        Care  of VII,  76,  252-265. 291-307 

14        Cataloguing ,,,, VII,  293 
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BIfcterlai,  Change  In Til,    81 

"        Charges  for VII,  434 

CtmrffiiiK VII,  26ft-*»,  373.  271. 3U«,  311-315 

"        Clarify in>;  En|K>iidIturea  of. VII.  :n 1 -31 6 

"        Comparisou  of — Invoi  cee  with %'  II.  s*9.  100 

"         Comparisons  of       VII,  101,  108 

"       Construe!  Ion—  Depot*  lor Vll,  IH9-108 

■  *  —  Inspection  of VII,  193 

*  "  .1  ■   ■   1.  ■.   -  of VI J,  198 

»  "  —Orders  for Vll.  192 

"  "  -Shipping Vll.  193 

"        Contracts  for. VII,    S» 

"        CoBtof III,3Ko,3Wt.  397 

"  "      "  Substituting  Old  for  New Ill,  396 

"         Department.  English Vll.  105 

*  DeBtnieMnn  ol-ln  Manufiu  luring Vll,  131,  133 

Disbursement  of VII.    76 

•■  -Knlea  OovernloK-.  .t ....  VI  I.  177-183 

"         Disbursements  lor . .  .  X,    67 

Disbursing VII,3tt,!60  373, 307-338 

Dletributlou  of Vll, 311-315 

■  "  "— to  the  Ereeling  Shops 1,373 

Diversity  of  Metboils  in  HamMIng VII,  338.  239 

"         Economies!  Piiri-tia^,  <':tre  anil  I'se  of VII,  II,  226 

Errors  In  WavMUiiig ..VII,  377 

Examinati.-.ii  ..f-bv  Chemist* VII,    "' 

Facilities  for  Handling VII,  SV 

"         FIsoiil  All'air-  I'oiirieetw]  with.. ...VII.  Wi-. 

"  Fnrw«d)p<l  to  Tanlntml  l\,i ,,  I,  . .     VTT    ■ 
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Material,  Old— Collection  of VII,  139-144 

»  *  —Collections  for VII,  420 

44  tt  -Final  Disposition  of VII,    89 

44  —Inspection  of VII,  139,  140 

44  tt  —Return  of V1I,184,  185 

u  tt  — Saleof VII,143,  144 

44  *  —Utility  of VII,139-144 

44  -  —Use  of VII,    88 

tt  — Valueof VII,  141 

Ordering VII,  76,  77,  252,  267 

44        Orders  for VII.  65,    56 

"  *        "  Transfer  of VII,    80 

*  Paying  for VII,    89 

tt        Permanent VII,  216-226 

tt        Prevention  of  Duplication  of VII,    78 

u        Purchase,  Care  and  Inspection  of I,  279 

*  *         of 1, 125, 143;  II,  187;  VII,  39-41,    82 

44        Purchased,  Invoices  of VII,  280 

44        Quantity  of— Required  to  Lay  One  .     .e  of  Track.. 

Ill,  495 

44        Railway— Charges  for  Transporting VII,  199-206 

Raw— Transfer  of 1, 275,  276 

*  Recapitulations  of  Accounts VII,  538-641 

Receipt  of VII,    76 

"Material  Received" VI 1 ,  317 

Material  Received  Book VII,  289-291 

"Material  Received  from  Purchasing  Agents" VII,  317 

*     Storehouses" VII,317,  318 

Material,  Receiving VII.  282-285 

Records  VII,269,  270 

Repalrof VII,    90 

44        Requisitions  for  Purchase  of VII,    79 

Road— Care  and  Use  of VII,  106-113 

44    —Charges Collected  for..VII,  414, 421,422;  IX,  426 

Safetyof VII,  181 

Saleof VII.  425 

u  u    « —profits  from VII,  431 

Selling. VH,    76 

44        Shipped  to  Points  Where  There  Are  No  Storekeep- 
ers  VII,  275,  281 

Shipping VII,  180, 309,  310 

tt        Sold,  Accounts  Against  Persons  for VII,  414-429 

14        Staple— Purchase  of VII.    62 

44        Storage  of —Rules  Governing ..VII,  177-183 

44        Storing VII,  291,  293 

44        Stripped  from  Locomotives I,  261 

44        Surplus VII,  62,  112 

44        Switch— Storage  of VII,  190 

44        System  of  Accounting  for — Recommended  by  Associ- 
ation of  American  Railway  Accounting  Officers. VII,  535,  536 
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Meetings,  Monthly . I,  227-229 

Notices  of II,  181 

of  Directors II,  1 29,  130 

Managers  and  Superintendents I,  229 

Officials  in  Charge  of  Passenger  Traffic.  .1, 287,  288 

tt  "  Stockholders ...  II,  1 2S,  129 

Megabazus XI,  105 

Megiddo XI,  103 

Memberships,  Relief  Department. X,  309 

Memorandum  Books,  Agents' V,  512-514 

Way  Bills .VI ,132, 137;  IX,    52 

Men,  Characteristics  of. II,    17 

a    Cultivated I,  161 

44    Educated— Advantage  of I,  130 

u    Effeminacy  of . . . .   I,  162 

44    Evidence  of  Worth  in II,    76 

44    Handling  of. I,  125 

44    HighPrlced 11,26,    27 

44    —How  Controlled II,    17 

44    Keeping  Time  of 1, 265-267 

44    Laboring— Associations  of II,  32,    33 

44    Selectionof II,    24 

44    Self-Made VII,    26 

44    Scientific — Enlistment  of,  in  Manufacturing  Plants. .  .1,  129 

44    Skilled— Lack  of 1,234 

44    Talented— Needs  of I,  118 

44    Talentsof I,  136 

44    Unsystematic II,    22 

Mendicants II,  195 

Merchandise,  Car  for  Carrying — in  America I,  207 

44  Carriage  of— as  Baggage V,  301,  302 

44  Lost V,  344 

Merchant,  The  Successful IX,    22 

Mercury,  Use  of — by  Railways VII,  209 

Mesopotamia,  Means  of  Transportation  in XI,  107 

Primitive  Carts  of I,  132 

Mesopotamian  Valley XI,    54 

Messenger  Boy,  Station VI,    14 

Messengers.  Express V,  518,  519, 539,  540 

Metal, Babbit.    (See  also  "Brasses") 

44  *      —Care  of VII.  134-138 

44  44      —Inspection  of VII.  134-138 

44      —Loss  of VII,  137 

«      _  Useof VII,134-138 

u  tt  u  by  Railways VII,  209 

44     Baggage  Checks V,  55, 67,    58 

44     Check I,  266 

44     Deterioration  of— from  Oxidation Ill,  273 

uPot"  Tie,  Midland  Railway  of  India,  A.  D.  1889— U- 

lustration Ill,  311 

85  vol  13 
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Metal  "Pot"  Tics Ill,  308 

"      Ties 1,218;  III,  302-204.  3-JS,  363-309 

"        "      Advantages  of III.  3(16 

"     Count  ruction  of III.3U7,  308 

"      Corroiiou  of—  How  IVeveuletl III.  308 

"      Coat  of III.  309 

"      Durabilltyof Ill,  378 

"     Fastenings  for III.  368 

"      Kequlreaients  or Ill,  381-384 

"      Use  or Ill,  177,3(15-309 

-  " —In  Austria Ill,  3T8.  379 

-  "      "    Belgium 111,877 

"      "      "    England 111,378 

"      "      "    France, Ill,  370 


"      "      "    Hungary 111,878,879 

"      "      "    Italy Ill,  37n 

"      "      "    Portugal Ill,  37» 

"      "      "    Spain.... 111,379 

Switzerland 111,379 

"      Track.  A.  D.  1889— lllustniiQM„.. 111,314-319 

Advantages  o(, Ill,  380 

Midbii.lltiiilwnv,  A.  II.  1889— lUuMration.  Ill,  312 

Queensland,  A.  D.  1889— /Him  (ration 111,312 

-      Vehicles I.  224 

Metals,  Ancient  Workers  In XI,  134 

"      ArtofWorklng XI,    73 
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Methods,  Railway VII,  11-17 

•*       —Divergence  of II,    80 

44  to  Be  Observed  in  Handling  Rail  way  Revenue.  IX,  20-34 
Metropolitan  Elevated  Railway,  Chicago—Use  of  Electricity 

on 1,495,  496 

Mexico,  Conquest  of : XI,    86 

*       — Its  Primitive  Associations  and  Means  of  Carriage . 

IX  404-417 

Primitive  Carriage  "til— 'illus'trations '/..'.[. '. '.  .XI,  404-417 

Rill  way  Travel  In I,  202 

U*e  of  Wood  in : VII,  168 

Michigan,  Railway  Taxation  in Ill,  436,  438 

Middle  Door  Panels— Illustration.  Plate  II I,  116-117 

44  u      Rail—  Illustration,  Plate  II I,  116-117 

Rail  Side  Door— Illustration.  Plate  III 1, 170-171 

Safety  Beam— Illustration,  Plate  II 1, 116-117 

44       Sidings,  Rules  Governing IV,  375,  376 

Transom— Illustration,  Plate  II I,  116-117 

Plate— Illustration,  Plate  II 1, 116-117 

Middleman,  Relation  to  Rates VIII,    60 

Middleton I,    21 

&  Leeds  Railway,  1812-13— Illustration I,    24 

Midland  Railway,  England V,  2-2,  430,  432 

Milan,  Breda  Engine  of I,  161 

Mile  Train II,    27 

Mileage,  Allowance  of — to  Owners  of  Cars II,    45 

Coupons V,209,  210 

Daily-of  Freight  Cars VI,    63 

Exchange  Checks V,  211 

Railway— Growth  of Ill,    42 

Tickets V,  78,92,  93,  97-99 

Coupon V,  471,  474, 475,  495 

Rules  Governing V,  207-210 

Military  Cars I,  224 

Purposes,  Railroads  for I,  217 

Milk  Accounting  for X,  119 

44     Car,  Suburban— American  Standard— I llustration ....  I,  209 

44     Carriage  of V,  519 

44     Shipment  of VI,  247-250,  313 

44     Shipments,  Daily  Return  of VI.  250 

44     Tickets V,  520;  VI,  247-260 

Book.   VI,  252 

Mill,  Planing 1,271-274 

44           u        —Car  Department  —  Side  Elevation— Illustra- 
tion  I,  260 

44  **       —Section  and  End  Elevation— Illustrat ion..  .1,  261 

"Miller"  Platform IV,  120 

*       with  Automatic  Coupler— Illustration,. IV,  119 

Milling  Freight  in  Transit VI,  267 

44       Machines 1,265 
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Money,  Care  of . . . .% VII,  31, 32;  IX,  133-136, 143, 328-330 

44       Carrying  from  Banks X.  226 

14        Collecting IX,  298,325, 326 

Collectionof VII,  422 

tt       "Conscience "—Accounting  for .VII,  423 

44       Coupon  Tickets,  Excess  Baggage 

V,  471, 472, 476, 477,  495 

*  Disbursement  of II,  195;  IX,  29$ 

44  *  u  —  by  Agents IX,  289 

*  Drawers 1X,337,  338,  341 

tt       Faithful  Handling  of IX,  35-64 

"Fiat" in,    17 

44       Foreign— Acceptance  of IX,  327 

44       Free  Circulation  of Ill,    11 

44  *    Coinageof in,    11 

*  Guarding ^ IX,  339,  340 

44        Handling IX,  133-135, 242-245, 299,  302 

44  u  —at  Stations IX,  178-192 

*  How  Faithfulness  and  Skill  are  Acquired  in  Hand- 

ling  IX,  27,    28 

41       Influences  Affecting in,  8,      9 

44       Materials  Used  for , Ill,  7,      8 

44       of  Savages Ill,      9 

44       Ordersof  Agents  to  Pay V,  146-150 

44       —Origin  of  the  Word Ill,  9,    10 

44       Paid  Out  by  Agents. .  IX,  326,  327 

44       Paper Ill     11 

44  Plentifuine88,ofV.7///.V.^                                    28^    43 

44       Purchasing  Power  of Ill,      9 

44       Receipting  for IX,  291,  326,  326 

44       Receipts  for IX,  81-85 

*  **  —English VI,  323 

44       Receiving II,  195;  IX,  327,  328 

44  *       —in  Treasurer's  Office X,  262 

44       Reconveylng — into  the  Treasury X,  283 

44        Remitting IX,  135, 138, 139,  327, 328, 430;  X,  135-141 

44       Requirements  of Ill,      8 

44       Scarcityof in,    28 

44  u       u— inAmerica I,    60 

44       Sending  by  Express X,  265 

41       the  Standard Ill,      8 

44       Transferring — Between  Banks  and  Offices X,  262 

44       Transportation  of— in  Early  Days Ill,  119 

44       Weighing Ill,    10 

•»       —What  Constitutes  it Ill,      7 

44  u    isMeantby Ill,      7 

Monopolies,  Characteristics  of VIII,  175 

Creationof VIII,    34 

Monopoly,  Possibility  of VIII.    61 

Montague,S.  S HI,  163 


"      — Primitive  Carriage  in— Illueiraii 

Morrison.  Andrew 

Mortage  Bonds ....rJL°« 

Foreclosures ...*..,.. 

11  Trustees 

Mortgages .'_',', 

Drawing. 

"  Recording 

Motion,  Conception  of— by  the  Ancients  . 

Fork 

"t        How  It  Is  Produced  In  the  Motor'.'. 
Lateral — Its  Advantages  in  Connec 

_.    Shoes 

<»nk 

"      —First  locomotive  Fitted  wit 

"      —  Howe's  1842— lUuatration     . 

"  —Introduction  of— in  Kh-him 
Transfer  of— from  Links  to  VUTl  B 
Valve— Direct  Acting 

"      —Indirect  Acting '. 

"     — of  Air  Pump 

Motive  Power,  Electricity  as  a 

"        Superintendents  of 

^      Alternating  Current ..... .'.  '.'.'C . 

-      n    ."m        ,-  "        —Its  Evolution'. 

Brake  Tests  Upon 

H      Car,  Electric 

"     Equipment _ 
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Motor,  Electric 1,394,  396 

44         —The  Place  It  Shall  Occupy I,  394,  395 

44      Energy  of  Steam  in I,  403 

for  Heavy  Street  Railway  Service— Illustration  ...  .1,  609 
Four-Pole < I,  472 

How  Motion  Is  Produced  in  the 1, 410-412 

14    Rated I,  473 

Induction 1, 412,  442-449 

44        —Alternating  Current—  Illustration I,  444 

44  Primary,  or  Stationary  Element,  Showing 
Coils  for  Receiving  the  Current  from 
the  Circuit— Illustration I,  442 

44  Secondary,  or  Revolving  Element,  Showing 
Copper  Bars  in  Which  Current  is  In- 
duced by  the  Current  in  the  Primary— 
Illustration  ... I,  443 

Limitations  of  the I,  429 

Narrow  Gauge— Ulus tration. I,  487 

Power  Delivered  to  a— How  Found I,  404 

Railway— Illustrations I,  471,  624 

44         Eighty  Horsepower— Illustration I,  510 

44         —Armature  Coils  for— Illustration I,  411 

*  «        of— Illustration I,  413 

44         — Complete — Illustration I,  415 

44  u         (One  Hundred  Horsepower)— il- 

lustration I,  525 

•*       •  —Cross  Section  of  a— Illustration I,  403 

44         —Electrical  Characteristics  of 1, 473,  474 

44         —Evolution  of I,  472 

44         —Field  Coil  for 1,472 

44         —Spring  Mounted— Illustration I,  469 

44  ""Top  Field  Removed,  Showing  Armature  in 
Position,  (One  Hundred  Horsepower) — 
Illustration I,  524 

—With  Gear  Case  and  Car  Axle,  Thirty-Five 

Horsepower — Illustration I,  470 

Ready  for  Mounting  on  Axle— Illustration I,  415 

Reduction  off  Voltage  on  a , I,  478 

Series I,  412, 474-476,  485 

Shaft,  Mechanical  Energy  Delivered  by I,  403 

Single  Phase I,  445 

Six-Pole I,  472 

Size  of I,  429,  469 

Street  Railway— Illustration I,  429 

Strengthof 1,469,470 

Suspension  of T,  470,  471 

Synchronous I,  412,  442 

The 1,401,469-485 


<^oDsunt  Potential... 
Construction  ©f, , .  ■■••.. 

"       .Electric '.'.'.'.'.','. 

—Controller  tar;  Open.  SI 
*  ««1  Contacts— /Htw 
for  Railway  Work. 

Geared 

Gearing  of .*' 

Gearleas 

«       «Hl"U1,Di"K  Preasureat  the.". 

MeotianiL'al  Energy  in 

"        Polyphase .  

"       Protection  of— from  Weather..'.'.'." 

Steel.!.'.'! 

Movable  Point*. 

UBS*  ^  Tra"19  ^  Te,^aPt-M3anl3J 

„  ,      *      — Illustration* 
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Multiplex  System  of  Amounts. 
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Nailing  Strip,  Center— Illustration,  Plate  III 1, 170-171 

44         *       Outside— Illustration,  Plate  III 1,1 70-171 

44      Strips,  Inside  Intermediate— Illustration,  Plate  III. 

1,170-171 

Names,  Entering— on  Pay  Rolls VII,  393 

Nantasket  Beach  Branch  of  New  York,  New  Haven  &  Hart- 
ford Railroad— Use  of  Electricity  on 1, 492-495 

Naphtha,  Handling VI,    99 

Narrow  Guage  Motor— Illustration I,  487 

-      Roads 111,143 

44  u      Track 1,275 

Nasamonians XI,  100 

Nashua  &  Lowell  Rail  road II,  128 

Nation,  Effect  of  a  Debased  Currency  on  a Ill,    21 

Nausicaa,  Chariot  of XI,  152 

Navy,  Engineering  Department  of I,  234 

44       Introduction  of  Steam  in I,  234 

Nearsightedness IV,  241 

Nebuchadnezzar XI,  124 

*  —Carriage  in  Time  of XI,  163 

Necessaries,  Cheapening  Cost  of VIII,    36 

Needle,  Compass I,  400 

Needs,  Public— Conformity  of  Facilities  to I,  201 

Negative  Holes I,  410 

NeiUon  Machine,  Builder  of I,  151 

Neilson's  Twin  Goods  Engine,  Scotland— Illustrat ion I,  125 

Neolithic  Age XI,  55,    61 

Neptune's  Car XI,    96 

Netting— Illustration,  Plate  1 1, 68-59 

Basket  Rack— Illustration,  Plate  II 1, 116-117 

Newcastle-on-Tyne HI,  110,  194 

44  Brake  Used  at I,  291 

News  Agents V,  419 

Newsboy  (See  also  "Trainboy") V,  397 

Newspaper  Parcels,  Way  Bills— English V,  247 

Newspapers,  Advertising  in V,  116 

a  Carriage  of. V,  520 

tt  Comments  of V,  117 

44  Publication  of  Time  Tables  by V,  116 

44  Tickets  Given  to V,  117 

Newton.  Invention  of I,    17 

Newton's  Experimental  Engine ,  1680— Illustration I,    17 

New  York,  Lake  Erie  &  Western  Railroad II,  128 

New  Haven  &  Hartford  Railroad— Use  of  Elec- 
tricity on  Nantasket  Beach  Branch. . .  .1,  492-495 

New  Zealand,  Baggage  Allowed  in V,  290 

N  i  agara  Fal Is I,  440 

44    Power  Company I,  440 

44  u  Dynamosof 1,455 

14  •  u         Use  of  Electricity  by..  1, 500-504 
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No  Fire  in  Heater  Steam  Jacket—  Illustrat 

Nomads,  Scythian 

North  American  Indians — Their  Method 

Goods 

Northeastern  Railway 

44  Northumbrian  "  Locomotive 

tt  tt  Cylinders  of 

Norway,  Heating  Cars  in 

Notarial  Expenses,  Cost  of 

Notations  on  Way  Bills 

Notes,  Bank — Transportation  of 

u      Collection  of 

44     Indorsements  on 

14     Indorsing 

"     Renewal  of 

Notice  to  Consignee  of  Arrival  of  Freight. 
Notices,  of  Errors  and  Omissions  in  Absti 

«  u  u  u  u  tt     Acco, 

tt      tt      tt      tt        tt         tt  Suml 

G 

tt  tt  tt  tt  tt  tt      way 

er 
u       Posting 

Nova  Scotia 

Nozzle,  Exhaust— Illustration 

u        Stand  —  Illustrat  ion.  Plate  I 

*  Tip— Illustration,  Plate  I 

Number  Plate — Illustration , 

•  »    —Illustration,  Plate  I 

Numbers,  Car 

WavBlll.... 
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Obedience,  Necessity  of— in  Railway  Service VI,    17 

Objections  to  the  Locomotive I,  394 

Observation  Car,  American — Illustration I,  228 

44  End  of  Car—  Illustration,  Plate  II 1, 116-117 

Odyssey .XI,    83 

Office  and  Laboratory— Illustrations 1, 274,  275 

44      Audit— Goods  and  Mineral— English VI,  329-331 

44      Blueprinting I,  278 

"      Booking— Meaning  of  Term IV,  315 

44      Car  Accountant's VI,    67 

44      Draughting I,  278 

44      Mechanical  Engineer's I,  278 

44      Station  Ledger— English VI,  331,  332 

44      Supplies,  Ordering VII,  186 

44      Tenure  of— in  Railway  Service.   II,  100 

44      The  Treasurer's. X,257-290 

44      Ticket  Auditor's X,  121 

Offices,  Association  of— in  One  Building— Its  Result. .  .1, 278,  279 

44      Concentration  of I,  279 

tt      Destruction  of— by  Fire IX,  342 

44      Filling II,  23,133,  134 

44      Petty Ill,  417 

44      Great— Intellectual  Requirements  of II,  120 

44      Grouping  of— in  Laboratory I,  278 

44      Ticket— List  of  Supplies  Required  at V,  593 

14      Train  Order— Signals  at IV,  391 

Officer,  Accounting— Assistants  of II,  283,  284 

*         —Authority  of 11,291 

tt  *         —Discretion  of 11,289 

44  tt         —Duties  of II,  272-305 

«  «         —His  Relation  to  Other  Officers. .  .II,  291,  298 

44  "         —Meaning  of  Title II,  141 

— Officeof V,69,    70 

44  tt         —Relation  of,  to  Manager 11,299-301 

44  «  u     u  Treasurer II,  192,  193 

14  u         —Requirements  of V,  72-74 

—Title  of VII,  249 

44        Audit — of  Passenger  Accounts V,    81 

Chief 11,133 

44      Managing-Dignity  of 11,145 

The  Rai  1  way— Characteristics  of II,  167 

Officers,  Ability  of II,  134 

Accounting V,  607;  VI,  18;  X,  48,    49 

44  "  — Association  of  American  Railway 

VI,  92;VII,348, 458,465,467,535;  II,  278 

44  u  —English 11,274 

44  u  — Knowledge  Possessed  by X,    64 

44       and  Employes,  Relations  Between II,  27,    28 

44       Associations  of— with  Employes I,  225 

41       Classification  of II,  306 
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s,  Departmental IT,  300 

—  Methods  Of n,  ISO 

Divisional I,  837 

Duties  of It,  135 

"  —oo  Different  Railways. 11,173.  173 

Election  of IT.  131 

Executive II.  181 

—Duties  of n.74,76,  134 

Fitness  of II,  134 

General II.  Co.  117 

Inexperienced II.  8ft -90 

Intercourse  of— with  Employes II,  17.    18 

Obligations  of II.    21 

Operating— Duties  of VIJ.  2«4 

Owners  l.-»>k  to.     II,     93 

Power  Exercised  by II.    16 

Qualifications  of II,    13 

Railroad     in  Knrly  Daya 11.     ftfj 

Railway II,  184;  IX,  11-19;  X,  303.  804 

"      —  ( liauges  Of. 11.  139 

"      — Definition  of  Titles  of II,  Ml,  142 

"      —  Depei.deuceof     II.  135 

"      —Diserciir.il  Kiercisedby V,  331 

"      - 1  tutles  of II,  68. 75, 189,  140 

"      —  KiiWinr  KdtH-atlonon III.  13» 

"      —Integrity  of 

l.lstof If. 

"      —Loyalty  of 11,66,    I 

"      —Standing  of ;••?*•  *! 
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.11.  135 
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139.  140 
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Officials, Responsibility  of II,  117 

Signatures  of VII,  431;  IX,  428-430 

Skill  of Ill,  468 

44         Supervisory— Qualifications  Required  in . .  .Ill,  416,  417 

Track II,  277 

Ohio,  Maximum  Working  Hours  of  Trainmen  in IV,    19 

44      Railway  Taxation  in Ill,  449 

Ohm,  Definition  of 1, 401,  402 

Ohm's  Law I,  402 

Oil  Boxes I,  213 

44    Burner I,  101 

44    Can  Shelf— Illustration,  Plate  I 1, 58-59,    64 

44    Charging VII,  320,  321 

*    Coal— Handling VI,98,    99 

44    Comparative  Cost  of I,  103 

44    Cost  of  Introduction  of— on  Locomotives I,  104 

44    Crude 1,103 

44        u      — I ts  Use  for  Locomotives. I,    64 

44    Cup  for  Pump — Illustrations I,  539 

44    Cylinder I,  366 

44    Devices  for  Use  of I,  101,  102 

44    Economy  of  Use  of —for  Fuel I,  263 

Furnace I,  256 

House I,  245 

44    Houses VII,  123,  124 

44    Lamp,  Use  of— for  Lighting  Cars  .? 1,  204;  IV,  182,  183 

44    Mineral  Sperm— Use  of,  for  Lighting  Cars IV,  180,  181 

44    Pipe— Illustration,  Plate  I I,  58-59 

44       *    Piug— Illustration,  Plate  I I,  58-59 

44    Record  of VII,  320,321 

44    Requisitions  for VII,  119 

44    Reservoir 1,101 

44    — Section  Showing  Fire  Box  and  Tank  Arrangement  for 

Its  Use  as  Fuel— Illustration I,  101 

■*    Severity  of— on  Fire  Box I,  104 

44    Stock  Room I,  274 

440il,  Tallow  and  Waste  for  Locomotives  " VII,  486,  519 

Oil,  Use  of— as  Fuel  for  Locomotives I,  100,  101,  104,  105 

"      -     •*  —for  Cleaning  Valves,  etc 1, 365,  366 

44      u     u— inEarly  Times I,  103,  104 

44    Wood  Creosote Ill,  358 

Oils,  Care  of VII,  114-124,  261 

44     Cost  of VII*  116,  117 

44     Disbursing , VII,  117,  310 

44    Exhibitsof VII,  118 

44     Facilities  for  Storing I,  269 

44    Handling VII,  119,  120 

44    Heating VII,  123,  124 

44    High  Priced VII,  117 

Inspection  of VII,  114-124 
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"    Unloading 

"    Use  of  

"       "    -  — by  Railways. 

"       -    «  —for  Lighting  Cars 

Oiling  Brut*  Cylinders. 

"KM  Ironsides"  Locomotive,  1832 

"  1832— The  First  LoeomM 

thiaaW.Baldwln-f" 

Olyrapia,  Games  at 

Olympiad , 

Olympian  Court 

Omission?,  from  W;iy  Bills 

Omitting  Brake  Tests 

'';  Omnibus  Lines 

|,i  On  TIltlB    HwfllnR  of  Term 

K  Open  Clasp,  Kml  liour—  I II ha! ration,  Plate 

,(  u         »       Side  Door—  Illustration,  1'lale 

"      Conduit  System 

"       Stop,  Kml  I'oor— lUiiilrution,  Plate 
Side  Door— /'In* Irali on,  Plate  . 

"      Swltoli- — ^I»'ijni hit  <'f  Term . 

0]>ener,Deck  Sash— lllutHruiiun,  Piute  II. 

KpiMiins.  Saddle— llluxi  mi  ion 

"         Smokestack  —  Ilium  ration 

"         Gondola — Illustration 

Operating  Accounts 

"  "  Charges  Against  ..... 

Costof.ll,ni,Hi;ll[,3a,3fl,4J 

"     "-Affected  by  Facilities.. 

"  "     " — How  Lessened -- 
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Operating,  Difficulties  of II,  1 18 

44         Expenses II,  109 

"Operating  Expenses'9  Account VII,  626 

Operating  Expenses,  Apportionment  of  —  as  Between  Pas- 
senger and 
Freight  Busi- 
ness   X,  154-175 

•  a  tt —to  Divisions 

VII,  500-524 

tt  a        Charges  to VII,  456 

*  *         Definition  of X,  179 

Fixed 111,413-426 

tt  "         Official  Classification  of VII,  472-499 

*  a        Reductionof II,    27 

44  u        Relative  Cost  of— for  Steam  and    for 

Electricity I,  515 

44  *        Value  of  Classification  of X,  142-147 

*  «         —What  They  Include X,    62 

44         Force,  Government  of II,    71 

44  *      Organization  of II,    71 

*  Lever— Illustration,  Plate  II. 1, 1 16-117 

"Operating  Marine  Equipment" VII,  491,  492,  522 

Operating  Officers,  Duties  of VII,  264 

44  Percentage  of  Total  Cost  of — Due  to  Maintenance 
of  Organization  and  the  Prevention  of  De- 
struction of   Property  from  Natural  Causes 

III.  493 

44         Reductions  in  Cost  of X,  145,  146 

44         Rod,  for  Release  Valve— Illustration I,  541 

44         Separation  of  Ownership  from II,    46 

44         the  Train  Air  Signal — Instructions  to  Trainmen 

I,  376 

Operation,  Cost  of— Effect  on  Rates Ill,  466 

44  a    u  —Upon  What  Dependent Ill,  383-412 

44         Influence  of  Facilities  on Ill,  427-332 

44         of  Railroads  by  Owners II,  40, 41,    44 

44  u  u         Questions  Regarding  the 1, 34,    35 

44  u  the  Sweeney  Brake 1,383 

Operations  of  Engineer's  Brake  and  Equalizing  Discharge 

Valve I,  349-352 

14  u  the  Pump  Governor 1,352-356 

44    *    Train  Air  Signal 1.362 

44  tt  Triple  Valve 1, 337-346 

41  Railway— First  Days  of I,  234 

44  u        — Inauguration  of, in  America., I,    28 

44  u       — Necessities  of,  in  America I,  152 

Operatives,  Impecunious II,  195,  229 

Operators,  Telegraph— Examination  of IV,  329 

44  ff         —Rules  Governing IV,  435-439 

Opportunities  of  Those  Who  Work  for  Railways IX,  11-19 
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Organization,  Diversity  in— of  Different  Corporations II,  125 

*  Efficient— Good  Gov't  Dependent  on .  »  .II,  122-W7 

Expenditures .......Ill,  414 

u  Expenses  of Ill,  425 

44  Fixed  Expenses  of Ill,  469,  470 

44  for  the  Care  of  Cars I,  270 

44  General  Outline  of II,    70 

a  Impersonal— of  Railways II,  127 

44  Labor— of  Car  Repair  Shops I,  276 

of  Accounts IX,  46;  X,35-59 

44  Methods  of— Origin  of II,  125,  126 

of  Labor I,  237 

u  u      a      in  Locomotive  Repair  Shops I,  267 

44       a       u  Repair  Shops. 1,264 

44  u  Corporate  Property 11,58,    59 

tt  u  Railroads,  About  Shops I,  229 

44  tt  Railways. II,  110,  120, 143, 153;  V,  321 

44  u  Roadway  Department *.   ...111,258-260 

44  Shops. 1,237,283,284 

44  u  Supply  Department VII,,    70 

44  tt  the  Freight  Service .VI,  11, 12,    22 

44  Preservation  of  Nucleus  of Ill,  464 

44  Principlesof 11,91-95 

Railway II 

44  Systematic II,  125 

Organizations,  Builders  of II,  126 

Elasticity  of. 111,420,421 

Powerof. II,    39 

44  Rail  way— Rivalry  in 11,124 

Organized  Civilization I,  136 

Labor. II,    18 

tt      Strength  of II,    40 

Origin  and  Development  of  Great  Manufacturing  Plants. .  .1,  127 

44   Evolution  of  Transportation XI 

44        of  Railways Ill,  110 

44   the  Brake I,  291 

Oscillation*  of  Pipes I,  381 

Osiris XI,    10 

"Other  Expenses" . . .  .VII,  479,  484, 485,  495,  497,  516.  518,  523,  524 

"Other  Supplies  for  Locomotives" VII,  486,  519 

Outlay,  Comparisons  of I,  287 

Shop— How  Reduced It  287 

"Outside  Agencies" VII,  493,  522 

Outside  Body  Transom  Pillar— Illustration,  Plate  II  .  1. 116-117 

*  Brake  Beam  Fulcrum— Illustration,  Plate  II. . 1, 116-117 

44        Casing— Illustration,  Plate  II.  1, 116-117 

44        Connecting  Rod— Illustration,  Plate  II 1, 116-117 

•  Cylinders 1,46,    87 

44       Hung  Brake 1,  379 

44        Nailing  Strip— Illustration,  Plate  III 1, 170-171 

'36  toI  19 
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OutaldeSheatbing-^^^n,,    jj*gj*. ggjgff 

Trail  Bom— /"»«''"' 10",  Fio'e  // 1, 116-117 

Piute— niu.ilr,ilion,  Plait  II 1,118-117 

Wheel  Piece  Vlate—IUuntration,  Plate  II I.  118-117 

"      Plate— BlvBtrntto*,  Plata  // 1, 116-1 17 

Window  Holding  -Illustration,  Pint*  II 1, 116-117 

"  "        Sill— HI  us  I rut  ion,  Plate  II 1, 116-117 

Ovens,  Core I,  257 

Overcharge  Hooka IX.  364,  365 

Claims.  Int.Tli lie— Settlement  of VI,  298-300 

Overcharges,  Auditing— by  Traveling  Auditors IX, 285,  286 

"  Claims  for II,  242;  VI,     18 

UlBpOaltlOn  of IX,  364-366 

Freight IX,  124-126 

"      —Prevention  of IX,    59 

"  Receipts  fur  Unfunded VI,  265 

Record  of IX,  124.  ]!>->;  VI,  2i:l-2<i3 

"   Refunded VI,  265 

Refunding    IX,  135, 126,  324;  X,  118 

Returns  for VI,  261-263 

Settk'muil  «t  i  'lai  ins  for ' VI,  283,  283 

Over-Construction II,  no 

t  iverftow,  lnii'i-tiir— IU,>*1  ration,  Plait  I I,  68-59 

Pipe—  nhwlrnHo* I,    60 

Overhang Truss  Rod.  Queen  Pott— lUuatmHo*, Piatt  II..., 

1,116-117 

i,  Plate  II 1,116-117 
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Owners,  Railway— Capacity  of ... ." VIII,  170 

—Characteristics  of VIII,  303-305 

—Methods  of VIII,    33 

44  »         — Relation  to  Public VIII,  196 

*  *         —Right  of,  to  Manage  Their  Properties . . . 

VIII,  161 

u  u         —Their  Interest  in  Safety  Appliances 

IV,  109,  110 

u       Relation  of— to  Employes Ill,  472-475 

u       —Their  Incentive  to  Foster  Business Ill,  425,  426 

*  Value  of  Returns  to II,  285 

Ownership,  Changes  of II,  139 

44         Government    (See  also  u  Government  Owner- 
ship")  Ill,    45 

a  u  —in  France HI,  46,    47 

«  -  —Objections  to VII,  11,    12 

tt         oftheSoil XI,    30 

*         Private— Evolution  of XI,    88 

44      —of  Realty XI,    30 

Railway II,    74 

Separation  of — from  Operating II,    46 

Oxidation,  Effect  of Ill,  272-279 

Prevention  of 111,273,  274 


Packages,  Baggage— Fastening. V,  325 

44  Carriage  of— by  Conductors IV,  406 

Express— Unclaimed V,  346 

Packing,  Metallic I,  85,  381 

a  Piston— Illustration,  Plate  I 1, 58-59 

Pump I,  381 

•  u  u       Piston— Illustration,  Plate  I I,  58-59 

Pad,  Expansion — Illustration,  Plate  1 1, 68-59 

Paint  Room I,  274 

44      Shop,  Freight  Car 1,271 

44        *      Passenger  Car I,  271 

44         a  *  —Cross  Section— Illustration . .  .1,  269 

44  a  tt   —End  Elevation— Illustration... I,  269 

44         tt  "  u   —Side  Elevation— Illustration.. I,  267 

44      Shops  ...   I,  251,252,257,272-274 

44      Material  at VII,  309 

44      Storing VII,  293 

Paints Ill,  481,482 

44      Tests  of 1 ,  277 

44     Use  of— by  Railways VII,  214 

Painting  Locomotives I,  252 

Palace  Car,  American— Apartments  in— Illustration I,  223 

44         tt    An  Apartment  in— Illustration I,  222 

*        tt    Companies....  I,  196-199 
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Palace  Car,  tor  Par  au<1  N'lirlit  Use— Ajneftcao— Illustration 

.      I.1SJ 

"     Iiit.rWs.lirpwthof J.  1 99 

"  "     P0)jiil:irll)  .'f I.  *>I 

*      Cars I.  Hv  !-.< 

Palieollthle  Age XI.  47,    68 

"  "     iv  .,.-,..,(  tlie  Xr.    56 

Pan,  Ash i.Slfl 

-     —lUuHlratio*.  Ptntt  I I,  0S-.~4 

"      Dump— /««"(. -otto*,  Plate  II I.  118-11? 

"      Warming I,  304 

Pans,  Portable. I.  340 

Panel.Bunk— Hln«tr.,h;a.  Piatt  II 1,116-117 

"      Front— lUu»trathn>,  Pint*  II 1.110-117 

"     Feeder J,  481 

"      Generator   1,460 

"      Load 1.481 

"      Wtfnscol—MHHirHtion.l'l.u*  II  1,116-117 

"       Window      Ht  —  trul„.a,  Phil*  II I.  11.1-1 11 

Panels,  Deck— Hi """••<»»*.  Plate  II 1.116-117 

Lower  ]i(nt!-—/H'<"  t  ratio*,  Plate  II 1,118  d; 

Middle  1 i-IIU-traiton,  Plate  II   I.  1HJ-I17 

"       Btwker-   UbiMral inn,  Plate  IT.   . 1, 116-117 

Smoking  Kooni  —  illustration.  Plait  II I.  lid  ]17 

Panic.  Monetary -Kliivt  of \  III.    20 

Pmiulers.  Harrises  of  Women  in XI.  103 

Paper,  as  Clrcu luting  Mi'diutn 111.     Id 

"      Gaskets. .   I.  S71 
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Parcel  Warehouse  Book,  English V,  2  49 

Parcels  Delivery  Book,  English V,  248 

44       Insurance  of — in  England V,  249 

Way  Bills,  English V,  247 

Paris,  Lyons  &  Mediterranean  Railway Ill,  362,  3G4;  X,  332 

Parlor  Car,  American— Illustration 1, 219 

44    Passengers V, 206,  207 

*         u    Tickets V     95 

Cars V^\\\\\\\\\\\\\\\MHibiIi95Vv,2iaJ  221 

u     American I,  200 

u     Use  of  Electricity  for  Lighting IV,  179 

Particularizing  Work 1,285,283 

Particulars  of  Construction ♦ Ill,  151-166 

Parties,  Theatrical— Baggage  Tickets  for V,  471 

Parting  Strip— Illustration,  Plate  III 1, 170-171 

Partition  Berth— Illustration,  Plate  II 1, 116-117 

Partitions,  of  Mason  ry I,  272 

Parts  of  the  Locomotive I,  530-532 

44       Repair — Instructions  to  Car  Inspectors I,  332 

Passage  Tickets.    (See  also  "Tickets') 

II,  255,  256 ;  V,  88;  IX,  108-123 

English V,  237-240 

Evolution  of V,  71-78 

u  *         Importance  of V,    76 

Origin  of V,  66-70 

Preparation  of II,  257 

Systemizatlon  of V,  79-87 

Passenger  Accommodations,  in  America V,  3 1 ,    32 

Accounts II,  248 

Auditing IX,  117 

Auditorof V,  v,    81 

u  and  Freight  Car  Repair  Shop,  Section  and  End 

Elevation — Illustration..  .1,  255 
14     Repair  Shop,  Side  Elevation— 

—Illustration I,  252 

44             u      Sleeping  Car,  American  Standard— Illustra- 
tion, Plate  II 1,116-117 

Business,  Procurement  of V,  112-1 15 

Receipts  from V,  172 

44  Brakemen.  Rules  Governing IV,  417,  418 

u  Car,  American  Standard— Illustra tion I,  215 

tt  tt     First  Class— German— Illustration I,  21  4 

u     PaintShop I,  271 

u  -  u         u      Cross  Section— Illustration  ...I,  269 

44  w  End  Elevation— Illustration  ..I,  269 

44  u      Side  Elevation-/HH**raft<m  ..I,  267 

44     Shop I,  274 

Cars I,  156, 197,  269 

44  *    Construction  and  Maintenance  of — Important 

Details I,  178 
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Passenger  Carp,  Decorations  of — In  Amertcn I,  l-ii 

"    English Ill,  147 

"     Erecting  Shop  for 1,271 

"  "    FlrstDesign  ot 1,  17* 

"  "    High  Class— in  America. I.1SI,  153 

"    Joint  Use  of ....V,    20 

*  "    Requirements  of I,  1S1 

"    Suburban L I,  177,  17S 

"  Coach,  American  Standard— 71  lualra Won ],  218 

"  Coaches I,  203 

"         Conductors VI,    U 

Rules  Governing IV,  406-109 

*  Department,  Attaches  of V.I7,    l.S 

"  -  Authority  of II,  262 

"  "  Machinery  of II,  253 

Earnings,  Daily  Exhibit*  of V,  150-J58 

Definition  of X,  177 

Engine,  Bogie— /"■  «*(ra«o» I,  133 

-Description  of I,    66 

First  Ten --Wheeled— 'Thatcher  Perklna," 

1863—  Illustration I,     45 

Suburban..... 1,  303 

Through ...I.  303 

Engines,  Weight  on  Drivers  of I,    64 

"  Equipment,  Advance  in I,  166 

Locomotive  and  Tender,  Belgian— flftlrtroitow.  ,1,  136 
"  "  Baldwin  Singh  Driver     lltu*tralion 
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Passenger  Service  ill  Germany V,  229-232 

Intricacies  of V,    15 

u        Local—Use  of  Electricity  for I,  607-609 

44  u       Luxuries   and   Conveniences    Connected 

with— Their  Origin I,  198 

Principal  Vehicle  of..   I,  174 

44  u       Relation  of  the  Baggage  Service  to,  V,  295-306 

Requirements  of V,  17,    18 

44       Through— Use  of  Electricity  for  . .  .1, 509-613 

Statements V,  172 

Tariffs V,  121 

Traffic 111,113;  V,13-60,  354 

44  tt       Classesof V,    13 

Classification  of— English V,  244 

44  a       Development  of V,  29,    80 

44  "        English V,  237-246 

Handling V,    79 

Local V,    13 

a  u       Meetings  of  Officials  in  Charge  of 1,  287,  288 

44  tt        Relation  of— to  Railways V,    68 

44       Reportsof X,    67 

44  *        Suburban V,    13 

44  u       Through , V,    13 

Trains..: 1,    66 

Carriage  of  Property  on V,  297,  298 

44  *       Express  and  Freight  Cars  in IV,  379 

44  u        —Instructions  to  Engineers 1, 368,  369 

44         Truck.  Austrian  Railway— Illustration I,  229 

Passengers,  Acccommodations  Afforded V,    26 

—Classesof V,    91 

44  "  u        —on     Liverpool     & 

Manchester 
Railway  ....I,  171 
44         Anxiety  of— Concerning  Their  Baggage ...  V,  415-417 

44  Baggage  of —Methods  of  Handli  ng V,  51-65 

44  Character  of — Shown  in  Their  Baggage V,  411 

44         Classes  of— in  Europe V,  23,    24 

44  Comfort  of I,  180 

44         Devices  of — to  Escape  Baggage  Charges.  .V,  460,  461 

Disorderly IV,  408 

44  Efficiency  of  Handling— in  America 1, 287,  288 

44  Efforts  of— to  Defraud  Carriers,  IX,  115, 116, 118,  120 

44  Ejectment  of V,177,  178 

44  First-Class-in  America V,    91 

Handling V,    80 

44  Indisposition  of— to  Pay  Fare IX,  118 

44  Low  Classed — Accommodations  Afforded .  .1, 169, 470 

44         — Number  Per  Head  of  Population  ,inAustria- 

Hungary,V,    24 
•  u     u      *  Belgium,  V,    24 


fct,8  QSSBRAL  IXDKX. 

Passengers — Number  Per  Head  oi  Population.  In  Kurntiean 

Ru    ,.,.  V,    94 
------  pnnoa  ,.V)    at 

*  »•>»"-  »  Uerrumn  .V.     ^'l 
"          "        "       "            "  "  Groat  Hrit- 

siii.  ..  V,     34 

"  "  ■  United 

Sut**,V,    24 

"      Mil*  of  Koad.m  BHBl:i..i V,    94 

-     "     -        "  Fr&iioe V.    94 

"  "  "         "      "     "       "Germany \.     J4 

"      "      "        "   irolluml 7,     M 

"  ------  Uultc.il    Klnif 

dom V,    24 

"      ~     "  UnJiedS»tt«.V,    34 

on  Freight  Trains V.  1S0-1  SO 

"  Parlor  Car... V.31M.  JOT 

Peculiarities  of Y,4U6-414 

"  Persona)  Safety  of V,    20 

Protection  of IV.  131 

*  Quantity  of  Baggage  Carried  by V,  4W 

Rebates  A  Howell. V,    86 

Safety  of I.  178 

Sleeping  Car V,  «W,  3"7 

Suburban V.409.  410 

Third-'  'Iiibh 1. 1H9.  1J0 

Tk-ketliig V,  136-196 

—  Karly  Method*  of \  .  :■■.     77 
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44  44 
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Pay  Cars,  Care  of X,  221 ,  222 

44      Protection  of X,  223-227,  231 

44     Deductions  from— of  Employes VII,  385-387,  392 

*     Rolls 1,267;  II,    98 

44     Access  to X,  222 

44     Auditing X,    G9 

— byWhomMade X,86,    87 

Certification  of VII,  394-396 

44  —by  Foremen X,  205 

Ded uctions  from Vll,  420 

44     Distribution  of , I,  280 

44     Engineers'  and  Firemen's VII,  393,  394 

Examination  of VII,  394, 395 ;  X,    90 

—by  Paymasters X,  222,  223 

Fictitious  Entries  on X,  200, 204,  206 

44      Making VII,  356-J359,  369-371, 389-394 

Payment  of II,  194;  VII,  388-397;  X,  223-225,  276 

Protection  of X,  222 

Remainder X,  228,  251 

Verifying V1I.396,  397 

44     Sheets,  Time  Ticket IX,  387 

Payee,  Agreement  of— on  Time  Tickets VII,  399,  400 

Paying  Vouchers Vll,  437-441 

Paymasters,  Accounts  of X,  238 

Authority  of X,  227 

Dutiesof X, 202,  206,  228 

Employment  of X,  215,  216 

Examination  of  Pay  Bolls  by VII,  395 

Importance  of X,  219 

Multiplication  of X,  200 

Orders  on VII,  411-413;  IX,  400,  401 

44  —for  Guaranty  Premiums. . .  .IX,  171,  172 

Qualifications  of X,207,  219 

Responsibility  of X,  253 

Sending  Pay  Rolls  to X,    90 

Supervisor  of X,  261 

44  Transference  of  Money  by X,  226.  227 

Payment  of  Wages 1, 280;  X,  185-253 

Payments,  Made  by  Agents IX,  326,  327 

Making IX ,  434 

Money IX,  297;  X,  92-95 

Pear-Headed  Rail,  A.  D.  1853— Illustration Ill,  242 

44  Buffalo,  Corning  <fc  New  York  Railroad, 

A.  D.  1855— Illustration .*. .  Ill,  251 

44  a     New  York  Central  Railroad,  A.  D.  1855— 

Illustration Ill,  248 

44  *     New  York  <fc  Erie  Railroad,  A.  D.  1855— 

Illustration Ill,  249 

44  tt  "     Saratoga  &  Schenectady  Railroad,  A.  D. 

1855— Illustration Ill,  250 


44 
44 
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Pedestal— Jlirist  ration,  Plate  II . 

Brace  -/(fuairation,  Plait  I I.B8-S0 

"      —Illustration,  Plate  II 1, 118-117 

Engine  Truck— Illustration.  Plate  1 1,68-69 

Engine  Truck— Illustration,  Plata  I. 1,  68-69 

"        Stay  Bod  —  Ilttutlraiion.  Plata  II 1,  116-117 

"        Tfe'Bsir— Illustration,  Plate  It 1, 1 16_]  17 

Pegasus XI,    M 

Peloponnesus  Railroad  I  !ar,  for  Small  Cattle — lUun<ration..l,  Hid 

Pelts,  Charges  Collected  for VII,  414.  ■121,432;  IX.  436 

Pencil,  Use  of. VI,  314 

Penelope XI,    83 

PenB,  Manifolding— Use  of VI,  903 

Pensions 11,268,  907 

IViiuBVlvania  Kailrorul 111,183;  V,     17 

"  "         Company I.  100 

Relief  Dt'i)arlmentof„X,a!X;,3ft'J,3n3-:Ki7 

*  "  Savings  Fuml  of X,  317 

Usoof  Electricity  on 1,490-493 

Pension  Funds X,  321-323 

"        French \,:v>U  Hit 

"       in  Great  Britain X,  3W0-328 

"  India , X,  3.MKt«3 

"       Italian X,  347-349 

Pensions X.  487 

Per  Diem  CliarR[  for  Use  Foreign  Cars VI,    7« 

Perfected  Air  Brake,  The 1,333-363 

Performance,  Daily— of  Freiglit  Cars. VI,     63 
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Permits,  Improper  Use  of V.  174, 176 

Persia— Its  Primitive  Associations  and  Means  of  Carriage. . . 

XI,  343-346 

"      Primitive  Carriage  In— Illustrations XI,  313-346 

*      Worship  of  Fire  In I,  104 

Persians,  Horses  of XI,    87 

Persons  Injured,  Clsims  for II,  333 

Killed,  Claims  for 11,333 

Personal  Property,  Care  of VII,  397,  309 

Peru,  Use  of  Petroleum  in I.  104 

Petlt-Bourg 1,315,816 

Pretroleum,  Gas  Made  from IV,  174 

"  Use  of— (or  Fuel I,  104 

*  "    "       "    Locomotives L 103, 103 

Petticoat  or  Draft  Pipe— Illustration,  Plate  / 1, 58 -69 

Petty  Repairs,  Articles  for  Making I,  370 

"       Supplies,  Charging VII,  831 

Pheron XI,  100 

Philadelphia 1,100.  101 

Philsetus XI,    83 

Philip  of  Macedon XI,    87 

Phillips,  Isaac  N X,  173 

Phoenicians XI,  114, 117,  120-136 

Ships  of XI,  183 

*  Trsde  of XI,  131,  134 

"  Transportation  Forms  Among XI,  117 

"Phoanlx"  Locomotive I,    33 

Pnoroneus. XI,    10 

Phraseology,  Train IV,814-334 

Physical  Teste. I,  977 

Pictorial  Writing XI,  118 

Pictures,  Costly— Transportation  of, Vt  610 

Piece  of  Frame,  Tall— illustration,  Plate  1 1, 68-60 

Piecework I,  384 

PiersOD,8.F 11,363 

Pilaster— Illustration,  Plat*  11 1, 116-117 

■  Base— Illustration,  Plate  II 1, 116-117 

-        Cap— Illustration,  Plate  II 1, 116-117 

Pilasters I,  963 

Pile  Drivers I,  878 

Piles,  Purchase  of. VII,  288.  988 

"      Beceiptof VII,  288.  389 

Piling. III.  128 

Pillar,  Cen ter Bearing— Body  Transom— Illustration,  Plate  II 

1.116-117 

"      Side  Bearing— Body— Illustration,  Plat*  II I  118-117 

"      Transom — Intermediate   Body — Illustration,  Plats  II 

1,116-117 

■  "            Outside  Body— Jliustrotion,  Plate  IT..  I, 116-117 
Pillow  Box— Illustration,  Plate  II 1, 116-11T 
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Pillows,  Berth— Illustration,  Plate  It. ].  lift-]  17 

Pilot 1,06,57.  im 

"     — Illustration I,    £0 

-     —lUiiHtrillifn,  Phitr   I 1.5S-59 

•'     Bracket   -IlhiMraiion,  Plate  /.... , I,  BtUBS 

Pin,  Brake  njuiger-ZHusfrait'on,  Plate  It. 1, 118-117 

"     Center— nu>»tr.iii<.»,  Pti.tr.  II t,  116-117 

Stt'm-/»««'i"><W,  Plate  II 1,1  KM  17 

-     Crosshead— niwIraHun,  Piaf  1. 1, 68-A9 

"     Graduating— Illustration I,  314 

Vulva-  Itlust  ration    I,  341 

"     Knuckle—  tltuslratwu,  Plate  It I,  11(1-117 

"     Lifter  Bracket,  i>e!idwood—/if"*/»-,if(n„.  Plate  Jf/,1,  170-171 
Kml  Sill  —  Ilhi-lr.Ui..,.,    rinie  III.  ..I,  170-171 

Chain— Illustration,  Plata  III 1, 170-171 

Clevis—  Ilhmtratian,  Plate  III 1,170-171 

Hod— /"»■<(.'■( '("■.",  Piatt  lit 1,170-171 

"     Side  Poi'ket—  Illustration,  Plate  It .1,116-117 

"     Valve 1, 352,353 

Pins I,  3S1 

Pino  Ties Ill,  880 

Pintsch  Gas  Light—  Illustration IV,  17* 

"    System IV,  173,  174 

Lights I,  204 

Svatt'in  »r  J.i-litiiij: V,    37 

"Pioneer,"  lttXi— One  of  Baldwin's  Enrly  Knglnos—  tlUwtra. 

Hon I,     39 

Sleeping  Car 1. 191,  107 

Pipe,  Air  Delivery— from  Purap  to  Main  ile*ervolr—  Illwtrn. 
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Pipe,  Floor— Illustrat ion,  Plate  II „ 1, 116-117 

44      Hanger,  Feed— Illustration,  Plate  1 1, 68-59 

44     Hangers— Illustration,  Plate  II 1, 116-117 

w  *        Dry— Illust ration,  Plate  I I,  58-59 

44     Hose,  Signal— Illustration,  Plate  1 1, 58-59 

44     Hot  Water  Circulating— Illustration,  Plate  II. . .  .1, 116-117 

44     Joint,  Dry— Illustration,  Plate  I I,  58-59 

44     Joints I,  330 

44     Lubricator — Illustration I,    60 

44      Oil— Illustration,  Plate  I I,  58-59 

44     Pressure  Retaining  Valve— Illustration,  Plate  III... 

1,170-171 

44     Radiating—  Illustration IV,  158 

44     Sand— Illustration,  Plate  I. 1, 58-59 

44     Signal ...J,  374,  379 

*  *      —Illustration,  Plate  1 1, 58-69 

44      Smoke—  Illustration,  Plate  II 1, 116-117 

41      Stand— Illustration,  Plate  I I,  58-59 

44     Steam 1,286,  309 

44  tt      —Illustration,  Plate  I. I,  58-69 

44  u      Circulating—  Illustration,  Plate  II. 1, 116-117 

44  "      — to  Pump— Illustration I,  539 

44      Supply— Illustration,  Plate  II -.. .  .1, 116-117 

44     Throttle— Illustration,  Plate  I. I,  58-59 

44     to  Bowl,  Cold  Water—  Illustration,  Plate  II 1, 116-117 

44      "      u       Hot  Water— Illustration,  Plate  II \  116-117 

Lamps — Illustration,  Plate  II 1, 116-117 

Pressure  Retaining  Valve — Illustration I,  541 

Triple  Valve— Illustration,  Plate  II 1, 116-117 

44     Train 1,307-310, 315, 320,329, 330,  379 

(  Plate  I I,  58-59 

"  u    —Illustrations,  1  Plate  III 1, 170-171 

( 1,539-541 

44      Brake—  Illustration,  Plate  II 1, 116-117 

44      Cocks  in I,  321, 323,  324 

44      Signal— Illustration.  Plate  II 1, 116-117 

Vent— Illustration,  Plate  II 1, 116-117 

44     Water I   106 

u  "    —  Illustration,'  Plate  1^ 

Piped  Cars I,  373 

Pi  pes 1 ,  286 

44     Air— for  Testing  Purposes I,  382 

44  —in  Engine  House I,  328 

44     Arch  Support— Plugs  at— Illustration I,    64 

44     Branch I,  336 

44     Broken  and  Leaky — Cause  of 1,  376 

44     Carrying  Dry  Steam  to  Live  Steam  Channel— Illus- 
tration   , I,    65 

44     Exhausting  Air  from I,  299 

44     Leaky. I,  371 
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Plpw.SiRnal 1,363 

"      Steam , I,  885 

Piping I,  262,  379 

Locomotive 1,380,  381 

Steam 1,241,  242 

Piston— llluetrat ion I,    68 

"        Air 1,352,  353 

mid  Stem— nhmtratiwn 1,341,  344 

Brake 1,313,  334 

11      Cylinder 1,332 

— Power  Exerted  by I,  377 

Emergency— '"" Oration I,  344 

EnuaJteliyt I,  328 

H.'ii.l-i'/HsfrenW,  Plate  I I,  68-69 

IjBathera .1,  331 

Movement,  of— In  Cylinder I,  85.    88 

Packing— nimtratio*,  Plato  S±. 1,58-59 

"      'Pimip-ZfliiN/m/ion,  Piute  1 1,58-59 

Hltifc— SihutraMon J,  341 

Hhi^-rlhiKtnitwn,  Plate  I 1, 68-69 

Kovl 1,86,  329 

■■   -Uh,*trnt!,>„.rhtt?.I. 1,58-69 

(<>r  Pn-lil  K-"l  i  r.Wieaii— IlluHtratinrt I,  540 

Ro>H  rsBtiuad— J&ttlratftM,  Plate  II 1,116-117 
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Plain  Automatic  Brake I.  325 

Triple  Valve 1. 340-314 

■  »  -  —  Illustratione 1, 326,  341 

"     Brake  Shoes 1.303.  304 

"      Straightway  Cock— TMu*  (ration*    I,  322,  372 

"     Triple  Valve I.  373 

"      Vacuum  Brake I,  *M 

Plan  for  Car  Repair  Shops— 7<lu*('o"'on I,  242 

"        "    Locomotive  Repair  Shops— /UuaCarton 1,439 

"Planet"  Locomotive,  1S30 1,    30 

Cylinder*  of 1,    46 

Planing  Mill 1,271-274 

"  "     Car  Department.  Side  Elevation— HiMfrdtfM,  I,  280 

"  Section  and  End  Etevatlou—  Illustration I,  261 

Toolafor 1,343 

Plank  Cap,  Tnis»-i«M-(rn(H.».  Plat' II 1,116-117 

"      Spring— llluMiraiion,  Plate  II 1,116-117 

Plant,  Power"  1,362,253.263,373 

— Central  1,943 

— Riveting Hydraulic I,  262 

Planta,  Station 1,  487 

"      Testing— Two 1,  382 

Plate—  Illustration,  Plate  II. 1,  116-117 

"      BlJuKW    71hi«rmrfirn  Plate  I .. 1,68-69 

"      Body  End— lustration,  Plate  II 1,116-117 

"      Boiler— Inspection  of 1,278 

*  Buffers,  1-Ve-- /»»-.' .-».'iY.n.  Pla"  II 1, 116-117 

-  Center—  Body— Illustration,  P hue  II 1,116-117 

"     —Truck— Illustration,  Plate  II  1,116-117 

"      Chafing— Check  Chain— Iilastr,ti„.n,  flaw   .7.,  ..1, 116-117 

-  »       —  Spring-  Benin— /»«*(>  "'■<">.   I''""  "•  .1,116-117 

-Transom— Illustration.  Plate  // 1,116-117 

"       —Truck  Bolster—  tlltMfn "■■  ■".  Pl««  "..  .1,116-117 

"       Corner—  End  BUI— JHwhlUfa*,  PI""  " 1,116-117 

-      — Iron— Ilhisfratinn,  Plate  III 1,170-171 

•      —Transom— Kiwi  ration,  Plate  II 1,116-117 

14      Crown I,    96 

"        [l,,rk— IllHxtrxl!,,,,,  rUih.II...  I,  116-117 

"      Deflector— Hhtstrati..,,.  Plate  I....   I.  68-69 

"      Diaphragm  F»0*> ■  ■  J1lM*trtMtm,  Piute  II 1, 116-117 

"       End— Illustration,  Plate  III 1. 170-171 

*  -      Jftetv—llhialrnlion,  Plate  II 1, 116-117 

-  Foot— Illustration,  Plate  II 1, 1 16-117 

"      Frame I,    63 

*  Oravitv  lliir— Front  Fa. ■•■—  THr -'■<■■■     ■   /*'"■''  >',  I,  116-117 

"      Guide— Bottom  Face—  Illustration,  fate  II 1,116-117 

"  "    —Top  Face—  Illustration.  Pt.-l-  II 1,116-117 

"      Handle.  Safety— Ul'istra (ion.  Pl-i"  II 1, 116-117 

"       loner  Face—  Iltust  ration,  Piatt  It...   1, 116-117 

'      Layeri I,    22 
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Plate,  Number—  IllitAtrathn,  Plate  I 1,68-0" 

-  Slmrt  ItuftVr— Illustration,  Plate  II 1,116-117 

"       Sale— Illustration,  Plate  III. 1, 170-171 

"       Table  Hook— Illustration,  Plate  II 1, 116-117 

-  TUK$w\d-I>l»strntion,PIateII 1,116-117 

■'       Tniiisoni— Middle—  Illustration,  Plate  II 1, 116-117 

—Outside— Illustration,  Plate  II 1,116-117 

"       Truck  Roister— Illustration,  Plate  III 1, 170-171 

"       Wheel— Outside— Illustration,  Plate  II 1, 116-117 

Plates in,  301 

Barr.il— Illus  t> -at  ion I,    98 

Center  I,  914 

"       Bering  Beam— Illustration,  Plate  II.. .  .1, 116-117 

"      Diaphragm I,  108 

"       Inm— Laminated I,  467 

"      Tie Ill,  213 

•■  —iw-of 111,332,333,  352 

"       TraiKversu I,  108 

riutfnnn    Ki„\<U]  —  lll>:-t,;ition,  Plate  II 1,116-117 

YittoT—IlliotlriifivH,  Plate  II I,  I1G-117 

nMI-Mvxtmtn.n,  Plate  II 1,116-117 

IIhm.1  limk.'     I",  ^'ration,  Plate  III 1,170-171 

\\„o>\—W,i*fe,itiunt  Plate  II 1, 116-117 

Kail—  Illio'lmtion,  Plate  II, 1,110-117 

KalliiiK  '  •hmi<~Hl"«tralion,  Plate  II I,  110-117 

Post-  Illustration,  Plate  II I,  116-117 

Jt,1„r_J/?,^,,r //<>»,  Plate  JI 1,110-117 

"       Ciii-lim'—  HI  «■-»■„  iio„,  Plate  II 1,116-117 

"       End  1  'ai'Hrie—  Illustration,  Plate  II 1, 116-117 
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Plug,  Rotary I,  309 

Plugs,  Air  Cock I,  372 

**      at  Arch  Support  Pi  pes— Illus  tration I,    64 

u      Safety I,    81 

u      Wash  Out— Illustration,  Plate  1 1, 68-69 

Pneumatic  Drop  Pits I,  244 

Hoist  for  Emptying  Clinker  or  Ash  Pits— Illus- 
tration  I,  278 

IToists 1,260,  275 

*         Locomotive 111,120 

Pocket  Pin,  Side— Illustration,  Plate  II. 1, 116-117 

Pointer,  Black I,  31 9 

Points,  Movable Ill,  236,  237 

Pointsmen,  English— Wages  of IV,  462 

Pole,  William , IV,  230 

Poles,  Field 1, 406,  408 

u      for  Supporting  Wires 1, 463,  464 

*  of  Engine  Type  Railway  Generator I,  456 

u  Magnets I,  410 

"      Negative I,  41 0 

u      Positive 1,410 

u      Securing  Different  Numbers  of I,  448 

u      Telegraph in,  354 

^        —Painting IV,  351 

Police,  Railway— English IV,  453 

Political  Economy,  Laws  of— Applicable  to  Railroads.  .VIII,  184 
"  **  Observance  of  Its  Laws  in  Rate  Making 

VIII,    25 

Methods 7 X,  11-15 

Polybius XI,    28 

Polynesia XI,    63 

Polyphase  Currents 1, 425,  426 

Motors I,  488 

Polytechnic  Schools I,  234 

Pony  Truck,  American— Side  View  ^f— Illustration I,    66 

Pooling VI,    68 

Pools VIII,  10,  107 

44      Compared  to  Guilds VIII,  154 

u      Effect  of VIII,  61, 115, 116, 151,  190 

u      Influence  of VIII,    34 

**      Necessity  of VIII,  141,  157 

u      Practices  Attending V  III ,  155 

— inEngland VIII,  163 

tt  Europe VIII,  152,  233 

of  Governments VIII,  148 

w      Preventive  of  Rate  Cutting VIII,    75 

41      Purpose  of VIII,  206 

"      Relation  to  Competition Vll I,  1 55 

*  Theory  of VIII,  147 

u      Use  of— inEngland V11I,    76 

37  vol  13 


a 


_t...     u.»it«Hm,  rMHJLI  , 

L'invher,  Samuel 

Port,  Cylinder—  Illustration 

*     Exhausb— Illustration 

•*  ■      —Illustration,  Plate  I. 

"     Slide  Valve— Illustration 

Ports 

"    — Illustration 

Admission  —  Low  Pressure  CyiiniV 

"      Feed — Illustrations 

"      IptWIII     IffmHHIffilli  Plate  I 

Portable  Pans 

"       Railroads 

"  "  Manufacturers  of. ... 

"        Riveting  Machinery 

Porters,  Railway— English 

Portugal,  Baggage  Allowed  in 

Comparative  Value  of  Silver  an 
"  — Its  Primitive  Associations  am 

— Primitive  Carriage  in — lllush 

Status  of  Railways  In 

Use  of  Mela!  Ties  in 

Position, Running— Instructions  to  Engin' 
Positions  or   Engineer's  Brake  and   Equ; 

Positive  Poles. ".".'.'.'.'.'..'.'..'. .'.'.'.'. '.'.'.'. '.'.'.'.'.'. 

Post  aud  Brace  Pocket—  lltustra ti on,  Piatt 
"  Base  Washer  for  Railing— lllustratia 
"  Brace,  EioilvQiu-i'ii— Illustration,  Pie 
"     Body  Queen— Hhi*tr,\tian,PlateJI... 

"     Bumn1nn'_7H«i*(ra('"'i  

lustratioi      °lnt*  til 
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Post,  Platform  Ratlin*— Illustration,  Plate  II 1, 116-1 17 

u     Queen— Illustration,  Plate  III 1, 170-171 

u    Routes,  Establishment  of XI,  105 

44    Transom— Illustration,  Plate  III 1, 170-171 

u    Whistling— Meaning  of  Term IV,  323 

Posts,  Clearance Ill,  238 

u     Requisitions  for VII,    83 

u     Signal IV,  252,  253 

*  Window— Illustration,  Plate  II 1, 116-117 

Postage  Stamps,  Accounting  for X,  287,  288 

Postal  Car,  American— Interior  of— Illustration.  I,  206 

— Standard  -Illust ration I,  205 

u    Austrian— Illustration I,  207 

u  —Interior  View  of— Illustration I,  208 

44      Cars 1, 108;  V,  462 

44      Cards,  Accounting  for X,  287,  288 

*  Service V,  652-663 

Beginningof XI,  161 

tt      Telegraph, English V,245,  246 

Posters .V,  115 

Postoffice  Cars V,  557 

*         Department V,  554,  668, 659,  661 

44         United  States— Emblem  of XI,  106 

Pot,  Fire— Illustration,  Plate  II 1, 116-117 

uPot"  Tie,  Metal— Midland  Railway  of  India— A.  D.  1889— 

Illus  tration 1 1 1,  311 

•     Ties,  Metal in,  203 

Pottery,  the  Art  of XI,    65 

Potts,  Jos.  D X,  161,  163 

Poultry  Car— Illustration I,  189 

Powder,  Use  of— by  Railways VII,  214 

Powders,  Storing VII,  293 

Power,  Animal— Use  of 1,394 

44      Appearing  as  Heat  in  a  Wire — How  Found I,  405 

44      Arbitrary 11,73,  125 

«  '      —Love  of II,  110 

44      Brake— Cause  of  Loss  in I,  378 

u      Braking I,  311 ,  378-380 

*  tt       —Effect  of  Piston  Travel  on 1,356-361 

"  **       — Instructions  to  Car  Inspectors I,  332 

44      Conveyance  of — from  a  Stationary  Engine  to  a  Mov- 
ing Car I,  393 

44      Cost  of —at  Main  Stations I,  440 

u         M     u  —Its  Effect  Upon  Transportation 1, 392,  393 

"      Cranes. I,  260 

"      Cylinder— Calculation  of I,   64 

44      Delivered  to  a  Motor— How  Found I,  404 

44      Electric — Delivered  by  a  Dynamo If  404 

44      Electrical— How  Measured I,  403 

44      Facilities- 1,262 
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Prepaid  Freight  Charges VI,  152-157 

Stations VI,  153 

Prescott XI,    28 

Present  and  Future  of  Electricity I,  519-525 

Preservatives,  of  Wood 111,349-375 

Presidency,  Avenues  of  Promotion  to II,    81 

President II,  131, 138,  143 

Dignity  of  Office  of II,  ] 44. 150-152 

Duties  of II,  147,  148 

Qualities  Required  in II,  146, 149,  150 

The  Best II,  149 

Presidents,  Railway II,    58 

Press,  Copying— Introduction  of VI,  85,    86 

u      Forging I,  263 

Presses,  Copying— Use  of VI,  180,  181 

Pressu  re I,  41 5 

44         Adjustment  of 1,431,  432 

44         Air I   302 

44  u  —Maintaining!!!. !.!!!!!!!!!!!!!!. !!!!!!!!!!l|  320 

u  u  —Standard  Train  Line I,  312 

44         Amount  of— in  Cylinder— How  Ascertained . .  .1, 88,    89 

44         Atmospheric— Application  of  Air  at I,  292 

44         Auxiliary  Reservoir — Reduction  of I,  368 

44         Bar— Illustration,  Plate  II 1, 116-117 

44         Brake  Cylinder 1, 313, 356-361 

44      Shoe— Against  the  Wheel I,  311 

Drop  in— in  Direct  Fed  System I,  435 

44         Eft  ect  of— on  Triple  Valve 1, 345,  346 

Electrical— Measure  of I,  401 

44         Equalization  of 1, 342, 356, 360,  361 

Excessive I,    95 

Exhausting — from  Auxiliary  Reservoirs I,  377 

Governor,  Air— Illustration,  Plate  II 1, 116-117 

14         In  Booster  System 1, 436,  437 

44         Increase  of I,  414 

44         Loss  in — Illustrations I,  416 

%4     of I,  430 

44         Maintaining— at  the  Motors I,  431 

44         Regulating I,  313 

Retaining  Valve 1, 336.  346, 347,  538 

44  **  u      — Instructions  to  Trainmen I,  327 

44  u  Pipe— Illustration,  Plate  IIIt  1, 170-171 

44        Signal  Line— Reduction  of I,  362 

44         Storage  of —for  Applying  Brakes I,  334 

Tangential I,  314 

Train  Pipe 1, 307,  308 

Uniform..  1,432,433 

*  u         —Device  for  Maintaining 1,  309 
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Pressure,  Water  Store.]  Tnder I,  *»<-i 

Prevention,  Necessity  of , IV,    38 

Priam,  Palace  of XI,     89 

Prices.  Effect  of '  'ompeti  tlon  on VIII,  147 

Primary  Battery  System IV,  176 

Current I,  423 

Primer— lltuntrution,  Plate.  I. I,  68-59 

Priming I,     74 

Primitive  Application  of  Steam  to  Engines,  Road   Wagon  b 

and  Locomotives XI,  610-020 

u  Application  of  Steam  to  Engines,  Road    Wagons 

and  Locomotives— lllH&lrtttioAi XI,  Gl 0-520 

*  Brake  Forms  of I,  391 

"         Carriage  in  Simi-Barbarous  Greece XJ,    83 

"  Cart I,  2B3 

Man 1,  160 

"  Peoples,  Wealth  of XI,      9 

Wheel— Tltuatratiom IV,  188 

Principles  an.!  Laws.  Electrical I,  396-405 

Governing  Freight  Traffic VI,  93-108 

Labor I,  280 

Hie  Fiscal  Affairs  of  Railroads. . .  VI,  77-92 

a                  "               Organization  of  the  Forces  or  Cor- 
porations  II,  108-121 

of  Government II.  1>8-140 

"  ( ir-aiii/attun II,  91-95 

to  lie  uijM'rveii  in  ILiintliri;;  linilwuv  Ht- venue 

..IX.  20-34 
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Producer,  Effect  of  Rates  on VIII,    26 

Relation  of— to  Rates VIII,    50 

Production  and  Application  of  Power 1, 392,  393 

Effect  of  Rates  on VIII,  63,    80 

44  of  Electricity I,  397 

Products,  Relation  of  Carriers  to VIII,    82 

Profession,  Engineering II,  223 

Profiles II,  213 

Profit  and  Loss  Account X,  176-181 

Credits  to X,  177-179 

Profits,  Effect  of— on  Rates VIII,    43 

u      Limitation  of VIII,  244 

44      of  Carriers VIII,    35 

44      Relative VIII,    74 

44  "         — Marginsof VIII,    47 

44      —Upon  What  Dependent IV,    57 

Progress,  Electrical I,  522-525 

44         Railway — Advancement  of I,  288 

Projects,  Visionary — Advocates  of I,    84 

Promises,  Paper — Issuance  of Ill,    17 

Promotion II,  23 ;  IV,    12 

44  Avenues  of — to  the  Presidency II,    81 

—English  Railways IV,  448 

Promptness,  Necessity  of — in  Agents V,  113 

Property.    (See  also  u  Freight.") 

44         Acceptance  of— to  Cover  Shortages IX,  196,  197 

Acquisition  of • VII,22;  XI,    43 

Advanceson IX,  87-89, 290, 318-320 

Care  of 1, 125 ;  VII,  31-33 

Carriage  of— on  Passenger  Trains V,  297,  298 

Claims  for  Damage  to II,  232,  233 

Corporate — Government  of II,      v 

44         —Organization  of II,  58,    59 

Cost  of— Influence  on  Rates VIII,  50,    52 

Damaged— Collections  for VII,  414 

Damages  to— Liability  of  State  for Ill,  463 

Del  i very  of IX,  75, 76,    94 

Development  of  Love  of XI,    32 

Disintegration  of — from  Natural  Causes Ill,  465 

Effect  of  Climate  on in,  477,  478 

Evolution  of XI,      9 

First  Cost  of VII,  453 

44      Private ,....XI,    11 

Growth  of XI,    40 

History  of XI,    44 

Improvement  of VIII,    24 

Influence  of — on  Cost  of  Maintenance HI,  383 

inSlaves XI,    25 

—Its  History  and  Relation  to  Mankind XI,     9 

Kindsof f.lII,  109 


u 


u 
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Property,  Losses  ami  D&TCflReB  to Ill,  388 

Maiufc-nan.eof   VII,    92 

Mnti's  Kirst  Meant XI,     11 

"  Means  »f  Ai-tinii  ini; — Uy  Savae?*     ...    XI,     39 

Storey  a*    HI.      8 

OrtSttn  ftii.UJrowthof Ill,  109 

OWflWBblpof III.  475 

"  PerislmUe- 1'iiposttlonof II.  243 

-1Uq.11I.ik ....IX.  106 

"  Personal— Cars  or.    VII.  '297.  299 

"  Persons  hi  i  'linrae  of— oo  Freight  Trains. .   V,  150-166 

Pledge*,  (i.r  Sniiie  l»uo  Railways V,  1:19-144 

Proilu.tuiTii'ss  ol   HI.     2S 

"  Prosperity  ..f     I  >on  What  Dependent II.  H7,  148 

"  Railwav-rii.irti.teHHtk'flof 111.109 

DeterioraAloa  of 111,460 

-  MVe.-t  of  Idleness  on 111,460 

-Nt.arding Ill,  4W.  463 

-How Stronrtbooea III.    71 

In  Similarity  to  Other  Property III,  463 

"  linpnivi-mi'ntof II.  188 

—Leasing II.  41-13 

"  -I    .   .-.'.II  (1X1-  Of III.   110 

Maintenance  of III.  301-34T 

N ..m-al  De.-ay  of Ill,  4H7.  468 

-Pn-.i-rva.tion  of II,  313.  314;  111.463 

-  Privileges  of "I.  1M 

-  I'm.liK 
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Prosperity Ill,    10 

44         of  Employes, Bases  of.. II,    57 

Proxies,  G  iving HI,    81 

Prudence,  Necessity  of— in  Handling  Requisitions VII,    71 

Public  Auditors,  English II,  275 

44      Corporations II,    vi 

44      Criticism,  Effect  of— on  Railway  Managers V,  358 

44      Interest  of— in  Baggage  Department V,  363 

44      Officials,  Furnishing  Information  to VII,  432 

44      Opinion,  Effect  of— on  Railways V,  354,  355 

«      MRateg VIII,39,  228 

44      Relation  of  Railways  to IX,    13 

"Puffing  Billy,"  1813 1,22,23,    42 

******     Illustration  . .       .         .  .1     22 

Pull,  Deck  Sash— Illustration,  Plate  II.  Y.'.'V.V. . .' ." .'  .'  '.  \  \\  116^-117 

Pulley,  Chain— Berth— Illustration,  Plate  II 1, 116-117 

Pullman,  George  M 1, 193, 198,  199 

Palace  Car  Company 1, 147, 19G-199 ;  VI,    73 

u        Service I,  202 

44        Vestibule...        ....        .  I  198 

Pump,  Air '  Vl,' 898,"  808,'  815, '820,'  336,  485,'  also  Vol.'  XII 

44  »  —Illustration I,  539,  also  Vol.  XII 

44  "  Cylinder  Brake— Illustration,  Plate  I I,  58-59 

44         u  — Instructions  to  Enginehouse  Foremen  and  In- 
spectors   I,  328 

«         «  —Testing 1,328 

44         *  — Westinghouse I,  538 

44       Connection— Illustration.  Plate  I.  I,  58-59,  also  Vol.  XII 
44       Exhaust  Connection— Illustration,  I,  58-59,  also  Vol.  XII 

44       Failure— Cause  of 1,366 

44       for  Compressing  Air I,  334 

44       Governor 1, 309,315,336,  538 

44  tt  —Illustration I,  539 

44  *  Duplex— Illustration I,  355 

44  Improved — Illustration I,  354 

44  — Instructions  to  Engine  House  Foremen 

and  Inspectors I,  328 

44  Operations  of 1, 352-356 

Inspectors Ill,  259 

Lubricator,  Air— Illustration,  Plate  1 1, 58-59 

44       Packing 1,381 

44       Piston  Packing— Illustration,  Plate  1 1. 58-59 

44       Steam 1,244,298 

44  tt      Connection— Illustration,  Plate  1 1, 58-59 

44  **      Cylinder  Brake— Illustration,  Plate  1 1, 58-59 

44       Stopped — Instructions  to  Engineers I,  366 

44       Throttle,  Air— Illustration.  Plate  1 1, 58-59 

44       Valve  Case— Illustration,  Plate  1 1, 58-JS9 

Pumps,  Air I,  384 

44  —Location  of 1,381 


u 

44 

M 
U 


i  GENERAL  INDEX. 

nps,  Air— Steam  Unions  of  I,  381 

lehea.  Baggage V,  485 

Ticket V,  198,199,202;  IX.  118,  119 

chasing  Agent II.  138 

14      Character  of II,  201,  W,  US 

"  "       Material  Reeei veil  from VII,  317 

"  "      Opportunities  of II,  283 

"  "      Selection  of 11,260 

Agents,  Relief  Voneliers  Made  by IX,  371 

"  "        Requirements  of VII,     49 

and  Sales  Agent 11,260-271 

-.1,  212 


-.  Receipt* Given  by. 


VI,  320,  221 

II,    43 

rattan,  Plata  It 1,116-117 


ailrant— Illmiration,  Plate  I I,  68-59 

idrireme  XI,  108 

mtilv.  Influence  of— on  Kates VIII,    63 

Lrter  Phase  S  v stem I,  426 

Lrtermaster-General'a  Office,  TransporttfUM  for V,  144 

ivltS  Robert I,  SI  BK,  238.  333 

isa  Post— Illustration,  Plate  III. 1,170-171 

Overhang  Truss  Kotl— Illustration,  Piatt  II. . 
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Rafter—  Illustration,  Plate  II 1, 116-117 

44      Cornice*— Illustration,  Plate  II 1, 116-117 

Rafts,  Use  of— on  Tigris XI,    80 

Raids,  Occurrence  of XI,    36 

Rail, Action  of— on  Tie— Illustration Ill,  321 

w    and  Joint  Tongue,  Laid  on  Camden  &  Amboy  Railroad, 

A.  D.  1831— Illustration Ill,  199 

44    Ashbel  Welsh— A.  D.  1866— Illustrations Ill,  279-281 

44    Barlow's  "Saddle  Back"— A.  D.  1856— Illustration.  .Ill,  264 

44    Belt^Illustration,  Plate  II I  116-117 

44    Birkenshaw's  Wrought  Iron— A.  D.  1820— Illustration.. 

111,190 

44    Body,  Hand  or  Grab— Illustration,  Plate  II 1, 116-117 

44    Boston  A  Worcester  Railroad— A.  D.  1850— Illustration 

Ill,  238 

44    Bottom  Door— Illustration,  Plate  II 1, 116-117 

«  «        —Side  Door— Illustration,  Plate  III 1, 170-171 

44    Box— A.  D.  1855— Illustration Ill,  258 

44       "    — A.D.  1858— Illustration m,  274 

44    Brackets,  Hand— Illustration,  Plate  I 1, 68-59 

44    Bridge IH,  200 

44    Buffalo,  Corning  &  New  York  Railroad— A.  D.  1855— 

Illustration Ill,  251 

44    Bull-Headed — London  &  Northwestern  Railway — A.  D. 

1889— Illustration HI,  309 

44    Camden  A  Amboy  Railroad— A .  D .  1848— Illustration. . 

Ill,  237 

44    Cap  Bel t— Illustration,  Plate  II I,  116-117 

44    Carlisle's  Wrought  Iron— A.  D.  1811— Illustration. .  .Ill,  188 

44    Chair,  Invention  of.... IH,  177 

44       tt      the  First— New-Castle-on-Tyne,    A.    D.    1797— 

Illustration Ill,  177 

44    Chairs IH,  332,  341 

44         *      Useof 111,374 

44        u      Compound — New  York  Central  Railroad,  A.  D. 

1855— Illustrations Ill,  252, 253,  255 

44        *      —Troy  Union  Railroad,  A.  D.  1855— Illustra- 
tions  111.254,257 

44    Designed  by  Robert  L.  Stevens— A.  D.  1830— Illustra- 
tion  Ill,  197 

44    Double-Headed Ill,  200 

44    Early  Methods  of  Strengthening  the Ill,  180-182 

44    End— Seat— Illustration,  Plate  II. 1, 116-117 

44    English  Fish-Belly— New  Jersey  Railroad,  A.  D.  1832— 

Illustration Ill,  203 

*  Erie— A.  D.  1857— Illustration Ill,  268 

*  Evolution  of  the. . .  .1, 163, 164;  II,  212;  III,  126, 175-178,  204 

44    Fastenings 111,197,  198 

44    First  Rolled  in  America— Baltimore  A  Ohio  Railroad— 

Illustration in,  233 


Joint,  A~.  1X1888— 'lliimlral'ion'.y.  ...'. 
"  — Reinforced  — Illustration  .... 
"       Showing  Action  of  the  Wheel 


"        "        Ell'ei.  t  of  Depressions  in 

"  I.atrobe's  r'otnpouuil  —  Baltimore  &.  Ol 

D.  1841— Illustration 

"  I.eCann'e  Tram— ffslw,  A.  D.  1«01—  fil 

-  Lehigh  Valley  Railroad— A.  D.  18«l— /■ 

"  Long  Island  Railroad— A.  D.  1855— II(* 

"  Loan  &  Stephen*  >m'*— Stork  ton  &  Darl 

— A.D.  W<i—llla*triition 

"  Lower  W  iiiwtt— I  llvtt  ration,  Plate  11 

"  "Meat  Tard"  Pattern— A.  P.  1-<81—7Hu* 

■  Middle  Door-  Illustration.  Plate  II   .. 

"  "        —  Side  Uwir—JIIiuttration,  Piatt 

"  New  York  Central  Railroad— A.  V.  18 

"  "      &  Erie  Railroad— a!  D."  18 

"     Notched  or  Rack 

"  of  Frame—  Lower— Illustra lion,  Plate  1 

"  Pear- Headed- A.  I).  18--3— Illustration  . 

"  Pennsylvania  Railroad  — A.  1>.  1-67-  Hit 

"     Platform— IlliiHtratian,  Plate  II 

"  Proposed  by  U.  Chnnnte— A.  1>.  187-J  — J 

"  Rectangular— A.  D.  lS:jy —  Illmttrution , . 

"  Saratoga  &  Schenectady  Railroad— A.D, 

"     Sheathing— 'illustration,  Plate  Yl 

"    Standard— A.  D.  18liH—  Illustrations 
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Kail,  Standarch-A.  D.  1887— /Ht*« frafion Ill,  306 

*  *       —of  Belgium  Government— A.  D.  1889— Illus- 
tration  Ill,  310 

—A.  D.  1890— Illustrations Ill,  323,  324,  325 

—A.  D.  1897— Illustrations Ill,  345,  346 

Stephenson's  Fish-Belly— Manchester  &  Liverpool  Bail- 
way— A.  D.  1829— Illustration Ill,  196 

"Stevens" Ill,  200 

—A.  D.  1854— Illustration Ill,  244 

tt        —France,  A.  D.  1888— Illustration Ill,  308 

44        —Great  Western  Railway  of  England— A.  D. 

1858— Illustration Ill,  275 

tt  a        —Supported  by  Cast-iron  Chair— A.  D.  1837 

—Illustration Ill,  220 

*  *        — Vicksburg  &  Jackson  Railroad— A.  D.  1841 

—Illustration Ill,  227 

•*  «        —Western  Railway  of  France— A.  D.  1865— 

Illustration Ill,  259 

44    Strap— Albany  &  Schenectady  Railroad— A.  D.  1837— 

Illustration Ill,  223 

44       "    —Baltimore  &  Ohio  Railroad— A.  D.  1833— Illus- 
tration  Ill,  208 

44    Strength  of I,    64 

44    The  First  I ron II I,  176 

Third 1,464,465 

u     Supported  on  Special  Wood  Blocks  Dowel  led  into 

the  Ties— Nan tasket  Road— Illustration I,  464 

44    Top  Door— Illustration,  Plate  II 1, 116-117 

44      *     Side  Door— Illustration,  Plate  III. 1, 170-171 

44    Tram— Surrey  Railway,  A.  D.  1803— Illustration . .  ..Ill,  183 
44    Upon  Which  Trevithicks  First  Locomotive  Ran— Illus- 
tration  III.  186 

44    Upper  Wainscot— Illustration,  Plate  II. 1, 1 16-117 

44    Use  of— by  the  Romans I,  163 

44    "Vignoles" Ill,  200 

44    Weight  of I,  165 

44       Placedon I,    64 

44    Woodhouse's  Patent  Concave— for  Wagons,  A.  D.  1803. 

—Illustration Ill,  184 

44    Wyatt's  Hexagonal— North  Wales,  A.  D.  1802— Illus- 
tration  Ill,  181 

Rails 11,269;  111,301;  VII,  464 

44      Accounting  for VII,  296 

44      Action  of  Car  Wheels  on IV,  211-213 

44      Cast Ill,  176 

44      Changing Ill,  241 

44      Charging VII,  296 

44      Cost  of  Keeping  in  Order Ill,  423 

44      Creeping  of Ill,  333,  339 

tt      Curving 111,214,  216 


u 


"         "        "    ooCoai. 

*  *         "     Pi.— log  Trfttnaon 

"  *        "    Rust  Od 

"    Trafflo  on!!!....!!.'.....'.'. 

|    :  "    Wheels  on 

:]■     !  "      Filing 

'I  j'  ;,  "      Frog  G  uard 

"      Gang  tor  Changing—  on  Sunday 

■*      Guard— for  Rrtclges 

"      Uarcineus  of— I  la  Kffot-r,  on  Weir 

"      Inferior—  1'ae  ot 

"  Influeoi-eof-On  Coat  of  Matotouanc 

"      Inspecting 

"      Inspect  Ion  of  

"      Inventorying* 

"       Jointing 

"      La/log 

-      LlfeoF 

"      "Live™ — Objections  to 

"      Maintenance  or 

"      Purchase  of 

"      Keuorrtaof. 

"      Receiving 

"      Requisition!  for 

"      Returns  of 

"      —Riveted  to  Ties 

"      Rolled 

"      Sanding 

"      Sec  nrlug  to  Tlea 

"      Shipping 
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Rails,  Unloading HI,  241,  242 

u      Unused—Life  of Ill,  275-277 

44      U8eof  Sand  on I,  313 

u      Used  in  Street  Bail  way  Construction I,  462 

44  *    —Life  of 111,275-277 

a      Weak  Spots  in Ill,  341 

44      Weight  of Ill,  178 

14      Worn Ill,  430 

14      Wooden in,  175,  176 

44      Wrought-Iron 111,178,  179 

Railing  Chair,  Platform— Illuatra tion,  Plate  II 1, 116-117 

44       Post,  Base  Washer  for— Illustration,  Plate  II. .  .1, 116-117 

44  "     Platform— Illustration,  Plate  II 1, 116-117 

Railroad.  (See  also  "Railway1'  and  "Railways.") 

44        Appliances  of  a I,  281 

tt        Atchison,  Topeka  &  Santa  Fe Ill,  861 

44        Baltimore  &  Ohio 1, 464 ;  in.  148 

h  u         «     u    _pen8ion  Fund  of x,  321-323 

«  «     «    —Relief  Department  of 

X,  296, 298, 307-309 

44  "     M    —Reward  Offered  by I,    32 

M  ii         a     «.    —Savings  Fund  of X,  313 

14        Boston  &  Worcester— Headlight  of I,    58 

44        Burlington  &  Mt.  Holly  Branch  of  the  Pennsylva- 
nia—Use of  Electricity  on 1, 490-492 

44        Camden  &  Amboy Ill,  176 

44        Central— of  New  Jersey Ill,  363 

44  *        Pacific 111,163;  V,  287,  432 

44        Charleston  &  Hamburgh — Train  on— Illustration,  I,    33 

44        Chicago,  Rock  Island  &  Pacific Ill,  360 

44        Companies,  Manufacture  of  Rolling  Stock  by 

I,  141-144 

44        Cumberland  Valley— Introduction  of  Sleeping  Car 

on I,  189 

44        Decauville's 1, 215-225 

44        Equipment  of  a 1,237,238 

44        Indianapolis,  Cincinnati  &  Lafayette II,  128 

14        Liliputian — Manufacturer  of I,  218 

44        Louisville  &  Nashville V,  556 

44        Mohawk  &  Hudson ■ I,    56 

"  •         *        a       1832— First  Truck  Engine, 

"Brother  Jonathan"  —  Il- 
lustration  I,    34 

44        New  York,  Lake  Erie  A  Western II,  128 

•  tt        "      New  Haven  &  Hartford— Use  of  Elec- 

tricity on  Nantasket  Beach  Branch 
1,4*^95 

*  Nashua  &  Lowell IF,  128 

44        Operations,  First  Days  of I,  234 

44        Pennsylvania Ill,  183 ;  V,    17 
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Bailway  Affairs,  Conduct  of . II,    72 

a       Phasesof IX,    35 

44  M      Vastnessof II,    82 

44        Age  and  Northwestern  Railroader V,  46,    47 

tt   .     Akron,  Bedford  &  Cleveland — Use  of  Electricity 

on 1,489,  490 

Appliances VII,  257 

Army,  Characteristics  of II,    13 

44         Associations II,  108 

44         Brake,  Evolution  of I,  294 

Bonds,  Details  of Ill,  92-100 

44         Builders  Early I,    36 

u         Caledonian— Passenger  Locomotive—  Illustration  I,  122 

44         Capital,  Precautions  to  Investors  in Ill,  79-84 

44         Capitalization Ill,  28-105 

w        Carriage— Advantages  for  Studying  the  Subject,  II,  vii 

14  *         Development  of I,  149 

Theoryof 1,392 

44    '     Carts,  the  First Ill,  110 

Central  Idea  of  a Ill,  174,  175 

44         Chicago  &  Northwestern Ill,  89, 183,  184 

44         Chicago,  Milwaukee  &  St.  Paul Ill,    88 

44         City  £  South  London— Use  of  Electricity  on I,  505 

Classification VII,  453-471 

44        Colleges,  Establishment  of U,  222 

44         Columbia  &  Maryland— Use  of  Electricity  on .  1, 504,  505 

44        Construction  (See  also  4*  Construction.") 

1,164;  III,  123-136;  VII,  453-471 

44  Cost  of Ill,    36 

44  Eraof Ill,    34 

Disbursements  for Ill,  166-166 

Free IT,  237 

44  44  Influences  Attending Ill,    66 

—Governing 111,114,  115 

Particulars  of Ill,  130 

Principles  Governing Ill,  195,  196 

Summary  of    IV,  142-145 

Upon  What  Dependent Ill,  128 

Corporations,  Civil  Service  of IX,    17 

Bights  of VII,    27 

Safeguards  Enforced  by V,  321,  322 

Crossings IV,  133 

44  tt  Damages  Arising  from II,  232 

41         Development— How  Influenced Ill,  1 28 

44         Disbursements II,  109 

—How  Influenced Ill,  388,  389 

41         Eastern— Of  France 111,178,  183 

u     — CarsUsedon 1,121 

East  Indian Ill,  178 

u  tt  —Freight  Cars  of 1,121 
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Railway,  Great  Indian  Peninsular Ill,  178 

44  **     Northern— of  England 

Ill,  267-270;  IV,  331-334,  343,  344,  349, 
360,  363,  378,  402,  405,  407-409,  411,  414, 
418,   419,   432;     V,   225,   445,   447,    448,  540 
**  *     Northern— of  England— Practices  of . .  IV,  447-456 

tt  tt  "Ireland 111,178,183 

tt     Western 1,35-37 

44  —of  England 

Ill,  179, 191, 192;  IV,  341,349, 350, 
382,  407,  410,  425,   433;  V,  227,  229 

44        Interests— Protection  of II,  124,  125 

44        Labor . : 11,109 

•  u      Tendencyof II,    26 

44        Lancashire  A  Yorkshire— Coal  Cars  Used  on 

1, 121;  III,  183 

•  Leases,  Details  of 111,92-100 

•  Legislation Ill,  136 

"        Leicester  A  Swannington I,    54 

44        Liverpool  &  Manchester 111,125, 181;  V,    19 

•  *  tt  —Freight  Traffic  of I,    31 

a  a  a  a         _ Qpeningof 1,28,    29 

44                •*         «           •»         — Passenger    Accommoda- 
tions   .1,  171 

•  London  A  Birmingham I,    37 

44  a       "    Northwestern... I,  35,36,54;  II,  15,209; 

IV,  94;  V,  282,  429,  432 

•  »       •»  «  —Relief  Department  of  A  296 
"        Machinery,  Where  the  First  Railroad  Was  Opened  J,  294 

•  Mail,  Handling V,  405,  406 

44        Maintenance,  Things  Involved  in Ill,  481,  482 

44         Management,  Responsibilities  of... II,  67,    68 

Managers Ill,  429 

•  "         Ambitionof II,  119 

a  u         American Ill,  141 

•  u         Duties  of V,  356 

•  **         Effect  of  Publio  Criticism  on V,  368 

44  u         Fidelity  of II,    79 

in  Great  Britain Ill,  148 

tt  u         Wisdom  of 11,77-79 

tt        Men— as  Authors H,vii;III,32,    72 

44        Methods,  Divergence  of II,    80 

44        Metropolitan  Elevated,  Chicago— Use  of  Electricity 

on 1, 495,  496 

44        Middleton  A  Leeds,  1812-13— Illustration I,    24 

•  Midland— of  England V,282,430,  432 

Mileage,  Growth  of Ill,    42 

44         Missouri  Pacific 11,61,    52 

44         Motor— Illustrations— 1, 471,  524 

"  **      (80-Horsepower)— Illustration, ,  1 1 1 ,  f , , , , .  I,  610 
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Railway  Property,  Preservation  of II,  213,  214;  III,  463 

Privileges  of Ill,  109 

44  "         Productiveness  of Ill,    41 

44  u         Resurveying 11,171 

Rights  of Ill,  109 

Safety  of 111,463 

*  u         Similarity  of— to  Other  Property. . . .  Ill,  462 

—What  It  Represents VII.  26,    27 

u        Revenue,  Collection  of IX,  7-292 

44  "        Handling— Principles  and  Methods  to  Be 

-   Observed IX,  20-34 

tt  u       MenWhoHandle J IX,    26 

Science,  The VII,  232 

w        Service,  Advancement  in II,  295 

u         Securities Ill,  53-55 

in  America Ill,  72,  73 

Fluctuations  in Ill,    42 

44  u  Precautions  to  Investors  in Ill,  79-84 

44  tt  Purchase  of Ill,    64 

*  Service  Attaches  of II,  123 

u  *       Changes   in— Due  to  the  Introduction   of 

Electricity I,  392 

"  u       Charmof II,  123 

tt  u       Characteristics  of 11,63,    64 

*  *       Description  of II,    24 

u  u       Electrical  Systems  for 1, 430-453 

*  *       Glamour  of II,    72 

*  **       Improvements  in V,    32 

a  M       Limitations  of IX,  100 

14  *       in  United  States 1,249 

tt  M       Natural  Fitness  and  Selection  in II,    20 

44  **       Necessity  of  Obedience  in VI,    17 

44  *  Organization  of — Compared  with  Govern- 
ment Service II,  122 

44  u       Peculiarities  of IX,  100 

44  "       Preferment  in II,    94 

44  tt        Specialists  in JI,    62 

Tenureof  Offlcein II,  100 

44         Shops,  Machinery  of I,  122 

44         Shutt  End I,    28 

Single  Rail 111,111,  112 

Southern  Pacific Ill,  359 

Speculation I,    34 

44        Station  Switchboard,   for    Three  Generators  and 

Eight  Feeders— Illustration I,  460 

Stockton  &  Darlington 1, 27, 45;  IV,  247,  248 

44        *  u         — Openingof I,    26 

14         Subjects,  Influence  of  Stephenson  on I,    30 

44        Suggestion  of  the  Name Ill,  178 

44        Superintendents,  American  Association  of IV,    28 
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Railways  as  Monopolies Till,  69,  W,*178 

Attaukaoti VIII,  186 

"  Austrian— Rules  Governing  Passenger  Service  of 

V,  323-238 

**  Authorisations  of Ill,    46 

Bankrupt Ill  31;  VIII,  191 

"  Belgian Ill,  178,  183 

Beneficiaries  of. VIII. 289,  290 

Benefits  of— to  Localities Ill,  154,  155 

BillsAealnst  VII,  420 

Building  of— How  Affected Ill,     7 

"  —Without  Reference  to  Needs III.    61 

"  Business  of.  VIII,    38 

"  ■  " — Influences  Governing IV,      8 

"  ByWhomBullt Ill,    30 

Capital  of in,  164 

"  &       Invested  In    Ill,  82;  VIII,  388 

"  Capitalization  of III.  98-tOB;  VIII,  293 

■  "  "_ in  America Ill,    89 

"  "      -  England Ill,  66-71 

*  *  "      Influences  Affecting Ill,  53-58 

"  Cars  of : I,  169 

■  Changes  In Ill,  384 

"  "        "Metbodsof X,  187 

Cheap in,  169,  170 

"  Civil  Service  of II,  143, 153,  204 

Classesof  Businessof. V.  364 

"  Closing. III.  468-463 

"  Collusion  with  Shippers. VIIT,    37 

"  Combinations  of VIII,  67,  146 

"  Com  petition  of V,    30 

"  Competitive  Practices  of VIII,    73 

*  Complaints  Regarding VIII,    64 

"  Completion  of. VIII,  293 

Concentration  of  Til,    63 

"  Conditions  Engendered  by    VIII,    41 

"  "  Necessary  for  Maximum  l.'sefulness  of 

.VIII,    31 

Consolidation  of 111,62;  VIII.  148 

Construction  of Ill    13   114 

"—Authority  for VIII,  168 

"  "  "— In  America Ill,  143, 149,  161 

"  "     "  Early  Days 11,168 

u  "  "     "  En  rone  and  America II,    28 

14  "  the  United  States I,    30 

"  "  "— to  What  Due VIT,    12 

"  "  Parallel VIII,  199 

**  "  Worfcof 11,180-172 

"  Contest  of— with  Water  Courses HI,  134 

"  Cost  of. VIII,  293,  298 
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Railways,  Efficiency  of— in  the  United  States VIII,  14,  168 

Efforts  to  Defraud V,  48, 49;  IX,  115, 116, 118,  120 

Electric— in  Europe 1,605,  506 

Electricity  as  a  Motive  Power  for I,  387-526 

English I,    50 

*        —Complaints  Regarding VIII,    64 

-Costof 111,148 

— Fiscal  Affairs  of  ...  V,  237-273 ;  VI,  318-333 

—Passenger  Accounts  of V,  237-273 

a        —Practices  of,  in  Employing  Operatives 

— Safety  Devices  of .."...  ".".V.".".". ...  111/36,'    37 

tt         European V,  22-26 

44  *  —Cost  of Ill,  163,  164 

44        Expenditures  of VIII,  285 

44         Facilities  of  -for  Handling  Baggage V,  323,  324 

44         Federation  of  ... VIII,  158 

44         First  Tickets  Used  by V,    67 

u     Useof Ill,  178 

Fiscal  Affairs  of V1I,233;X,    35 

44         Fixed  Exhibits  of .X,    62 

44         Fixturesof VIII,  173 

44        Forces  that  will  Secure  their  Equitable  Manage- 
ment  VIII,    22 

44         Free  Construction  of VIII,  162 

44         Function  of  Electricity  in  the  Operation  of I,    396 

44        Gauges  of— That  Have  Been  in  Use  in  Different 

Countries Ill,  494 

41        German — Government  of IV,  133 

44  a        Rules  Governing  Passenger   Service   of 

y  229-232 

44         Government-Aided.".'.".... .'!!!..!!... VIII,    67 

44  *  Control  of— in  the  United  States..  Ill,    46 

of II,  136;IV,      8 

44  u  Ownership  of— Effect  of V,  365 

44  u  Supervision  of— Effect  of V,  355 

44         Great— Management  of II,  112,  113 

Growth  of V,  18, 19;  III,  76,    77 

44  —in  the  United  States VIII,  205 

Historyof IX,  433 

Hospitality  of VII,  222-225 

How  Controlled II,  124 

Hygienic  Department  of IV,    68 

Impartiality  of VTTI,    31 

u        Impersonal  Organization  of II,  127 

Improvement  in Ill,  164,  165 

u         Improvements  in  Operation  of X,    11 

44         Improvident  Management  of— Effect  of VIII,    19 

44         Inception  of V,    19 

Income  of VIII,  164 
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Railways,  Objective  Point  of IX,    21 

44  Officers  of II,  139,  140 

44  Opening  for  Business ; VIII,  298,  299 

a  Operating  Force  of II,    71 

•*  Operation  of — By  the  Government II,    49 

44  tt  u— HowAffected Ill,      7 

44  u  u  — In  Europe  and  America II,    26 

44  »     u   United  States II,    72 

44  Operations  of VIII,  16,  209;  IX,  99,  100 

*  u  u —Principles  Underlying V,   iii 

44  Opportunities  of  Those  Who  Work  for IX,  1 1-19 

44  Opposition  to— in  England Ill,  117 

44  Organization  of ....  II,  110, 120, 143, 163 ;  V,  321 ;  X,    36 

«*  »  "—in   Connection   with    Handling 

Material VII,    67 

**  44  "General  Law Ill,  157 

44  tt  —under  Charter Ill,  166 

44  Origin  of Ill,  110 

44  Over-production  of VIII,  201 

44  —Concomitants  of VIII,  186 

«  «  "—Effect  of Vm,    19 

44  Ownership  of II,    74 

44  u         u— inFrance 111,46,    47 

44  Ownersof II,  45;  III,  60,  61,    63 

44  —Carriage  of  Traffic  by II,    48 

44  Passenger  Traffic  of V,  13-60 

44  Permanency  of VIII,  173,  287 

44  Permanent  Character  of VII,  217,  218 

44  u  Way  of— Primary  Purpose  of Ill,  110 

44  Physical  Life  of IV,      8 

44  Policy  of  American II,  188 

-  Political  Importance  of Ill,  135 

Poor 111,169,  170 

44  Poverty  of  American II,    95 

44  Power  of VIII,  162 

44  Practices  in  Vogue  on V,304,305 

Presidents  of II,  152 

44  Principles  Governing VIII,  19,  210 

the  Business  of VII,  221 

44   Forces  of 11,97-107 

44  Private  versus  Government  Control  of VIII 

44  Productiveness  of.. .   in,  42;  VIII,  190 

44  Profits  of VIII,  36,  61,  301 

44         Progress  of— to  What  Due VII,    12 

44         Proper  Scope  of  Laws  Regulating VIII,  214 

44         Property  Pledges  for  Slims  Due V,  139-144 

.  u         Prosperityof VIII,    40 

44  Prosperous. Ill,  169,  170 

Protection  of— from  Snow Ill,  3U9-S05 

u         Province  of. •••• )>• 
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Railways,  Status  of— in  Japan VIII,  347 

44  Portugal VIII,  342 

44  Russia Ill,  61 ;  VIII,  346 

44  Spain VIII,  342 

Strong VIII,  191 

versus  Weak VIII.  156 

Tenure  Under  the  Law VII i,  265 

the  Effect  of  a  Debased  Currency  Upon Ill,  7,    26 

—Their  Effect  on  the  Commercial  World Ill,  135 

Through  Business  of VIII,  206 

Ticket  Svstem  of— Its  Cost V,    80 

Tickets  Used  by— in  America V,  88-111 

Titles  Used  by IX,  307 

Track  Accounts  of Ill,  284 

Travel  on VIII,  164 

Treatment  of— in  United  States VIII,  210 

Universality  of VIII,    22 

Unnecessary- VIII,  161 

44  —Construction  of VIII,  182 

—Effect  of . .  .Ill,  170-171 ;  VIII,  165,  177 

Unproductive 111,31;  VIII,  170,  198 

44  — Construction  of Ill,     43 

—Safety  Appliances  of IV,  136 

Unremunerative— Effect  of VIII,  29,  102 

Use  of  Metals  by Ill,  320-322 

44     *  Signalsby IV,  244 

44     tt  Wood  by 111,348-312 

Value  of  Eminent  Domain  to VIII.    58 

44      u  Private  Ownership VIII,  217 

WagesPaid  by II,    24 

Wastage  of  Resources VIII,  211 

Weak VI II,  191 

Weak  n ess  of VI 1 1,  206 

Wealth  of VIII,  162 

Raising  Transformer  (375  Kilowatt)— Illustration I,  422 

44  rt  Case— Illustration I,  423 

Transformers I,  451,  452 

Ramsbottom,  Mr I,    85 

Ratchet  Brake— Illustration,Plate  II 1, 116-117 

Hand  Brake— Illustration,  Plate  III 1, 170-171 

Wheel,  Brake— Illustration.  Plate  II 1,116-117 

Ratchets 1,  243 

Rate  Cutting VIII,  48,  149 

44     Maker,  Discretion  of VIII,    60 

Qualifications  of VIII,    78 

44     Making,  Essentials  Required  in VIII,    70 

44     Sheets VI,  105 

44     Wars VIII,  142 

44     Cause  of VIII,  159 

44     Effect  of VIII,  149 
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-Bases  of ....    

Car  Mileage  ... 

Carriers7  Right  to  Change  atWill 
Committee 

Compared  to  Taxes  '. 

Competitive 

Complain  ts  Regarding 

Costa*  a  Basis  of...        

Cutting  of 

Discriminatory " '  y 

Duty  of  Determining. ..'.'.["/" 
Economic  Theory  of . . 
Effect  of  Arbitrary  Changes  in.V.'. 
Cost  of  Carriage  on  ... . 


u 

u       «    ~  Property  on  ... 

tt       w    Government  Making.... 
u       a   Low    u  Manageme 

U       "   Normal  Condition's . ". ". ". '. 

u       «    Cost  of  Operation  on  .. . 

u    Economy  of  Operation  o 

Management  on 

"       u   Pools  on 
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u       *   8trikeson ... 

a   £eK!in*1  ExPenses  on..'. 

u    Public  Opinion  on 

Supply  and  Demand  on. . 

v  .        *  JaIue  of  Product  on 

Enforced  Reduction  of. 

Enforcement  of 

Equitable,  Means  of  Securing.'." "  * 

Essentials  of 6 

Evolution  of.   ..       
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Rates,  Force  Employed  in  Determining VIII,  192 

u      Freight II,  241 

— Errorsin X,  110 

— inEngland 111,407 

44       —of  Different  Countries VM7-41 

44      Government  Interference  with VIII,  193 

44      How  Formulated VI,  26,    27 

Influence  of  Barter  on VIII,    79 

*  Competition  on VIII,  9,    45 

"-onTraffic V,    29 

44 —on  Cost  of  Railroads VIII,    29 

u  u         u      *     Operating  Expenses  of  Railroads... 

VIII,    29 

"Qualityon VIII,    63 

"Riskon VIII,    95 

44  Water  Routes  on VIII,    46 

44      Influences  Affecting VIII,  25,  49,    95 

44       Interstate— Posting V,  116 

44      Laws  that  Fix VIII,    26 

44       Local VIII,    90 

44      Low VIII,  116 

44   —in  America. I,  207;  111,36, 146;  V,  26,    27 

44      Lowering,  Cause  of VIII,    39 

44       Making 11,239,  240 

44       Mail V,  553-557 

44      Maintenance  of VIII,  167 

44       Maximum VI 11, 36.  52,  135 

44       Minimum VIII,  170 

44      Moderation  of  Wise  Governments  in  Meddling  with . . 

VIII,  315 

Passenger V,  120-123 

—Compilation  of 11,250,  251 

—in  Europe V,    25 

44  the  United  States V,    25 

44      Prescribing 11,239,  240 

44      Principles  Governing— Conditions  Affecting VIII,    95 

Underlying VIII,  7.  227 

44       Prohibitive— in  England VI,    37 

44      Raising— Cause  of VIII,    38 

44      Reasonable VIII,  7,26,30,  67,  211 

44      Reduced — Savings  from Ill,    35 

44      Reduction  of II,  110 

44  u  u  —by  Interstate  Commerce  Commission . . 

VIII,  150 

44  —in  the  United  States VI,  26, 37-41 

44  —Its  Cause  and  Effect I,  16« 

44  Effect  on  Traffic VI,  38,    39 

44       Reductionsin Ill,  42;  V, 30, 40;  VIII,  14.  38,    85 

44      Relation  of  People  to VIII,    54 

utoService V11I,    28 


Right  of  Legislature  to  Control 
44      "  *  "  Fix. . . . 
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u 
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Schedules  of — Regulations  Gov* 
Special V,121,  122; 

—Authority  for 

— Justiceof 

*  u        — Necessity  of 

tt        —Notice  of 

44  *        —Objections  to 

*  *         — Purpose  of 

Stable— Value  of 

System  for  Formulating 

Tendency  of — in  United  States. . 

44      Unauthorized 

a      Undue  Reduction  of—Effect  of. 

a      Uniform 

u  u         — Maintenance  of 

44      —Universality  of  Their  Effect. . . 

tt      Unjust 

44      Un  remunerative 

44      — Upon  What  Dependent 

u      Value  of 

44  "       u  Service  as  a  Basis  for. . . 

44      —What  They  Represen  t 

Rating,  of  a  Motor 

Ratio,  Between  Silver  and  Gold 

44      of  Auxiliary  Reservoir  to  Brake 
tions 

44        **    Cost  to  Gross  Earnings 

Rattler 

Raven 8 worth,  Lord 

Raw  Material,  Transfer  of 

Rawlinson,  Sir  Henry 

Reach  Rod — Illustration,  Plate  I 

u         *        Cylinder  Co<»W— Tlhi**™*** 
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Real  Estate,  Outlay  for Ill,  159 

Procurement  of Ill,  169,  160 

44        Purchase  of Ill,  172 

Reamers 1, 262 

Recapitulations VII,  538-541 

Receipt  Book,  Substitutes  for IX,    95 

for  Cash  Collected  for  Ferriage VI,  220,  221 

44   Miscellaneous  Freight  Charges VI,  217,  218 

Receipts,  Agents' — Signatures  to VII,  446 

44         Baggage— European V,  386 

Blank VI,  87,    88 

Cash— Remittance  of 1X,178-182 

44         Collectionof 11,291;  X,  68,    69 

44         Conductors'  Cash  Fare IX,  83, 84, 113, 114,  421 

44         Consignees'— for  Freight  Charges VI,  197-210 

44         Current— Crediting.  X,  29,    30 

44         Delivering— to  Payees IX,    84 

Divisionof X,    31 

Duplicate— Use  of VI,  203 

44         Duty  of  Accounting  Officer  in  Relation  to.  .11, 265,  287 

44  u     **  Collecting II,  193 

44         English VI,  323 

Express  Traffic V,  548-551 

44         for  Baggage V,  53,  56,    57 

44  u  Freight,  Rules  Governing VI,  123-126 

44  Moneys  Collected X,  264 

Paidby  Agents IX,90,    91 

Overcharges  Refunded VI,  265 

44  Switching  Charges. VI,  255-258 

44         Unrefunded  Charges*. VI,  263,  264 

Forms  of IX,    97 

Freight VI,  94, 114, 115;  IX,    84 

44      —Signatures  to VII,  446 

44         Giving VI,  200-210 

44         Issuing— for  Cash  Fares. V,  194-198 

44         Miscellaneous — Auditing X,  118 

44         Money IX,  81-85,  297.  324-326 

"    — Careof 1X.85-87 

44        Passenger— Protection  of IX,  112, 113 

44         Property IX.  317,318 

Purposes  Served  by IX,  63,    64 

Signatures  to IX,    84 

Signing IX,  342-347 

Special IX,    95 

44         Stamping IX,    84 

Taking. .VII,  444-446;  IX,    96 

Value  of V,  191,  192 

Writing IX,  433 

Receivers,  Practices  of VIII,  256 

Ticket V,    17 

89  vol  19 
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44       Conductors' — of  Freight  Loade 

There  Are  No  Agents 

44       of  Amounts  Charged,  Collecte 

Car  Service 

a  Book  Milk  Ticket  Sales 

44        u  Cash  Collected  for  Ferriage. 

Freight  Loaded 

44        u        u       Manipulated  in  Tran 

M  u  Interline  Way  Bills  Passing  J 

*  *  Milk  Ticket  Sales 

44  u  Miscellaneous  Freight  Chargt 

44  u  Monthly  Abstracts  of  Inter 

44       u         »  *  Local 

*  •  Local 

44        tt         tt         Summary  of  Local 

44        a  Overcharges 

44  u  Refunded 

44  Switching 

44        u  u         Charges 

u  u       Collectible. 

Due  Other  < 

44       u   Unrefunded  Charges 

Records 

44       Baggage 

44       CarSeal 

*       Connected  with  Railway  Accoun 

44       Excess  Baggage 

44       Express  Traffic 

44       Keeping 

44       Material 


u 
u 
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Records,  Preservation  of IX,    43 

44       Station IX,  93-97 

«      — Careof IX,  162,  163 

u     —Passenger— English V,  242 

Ticket X,  128 

44      —Station V,169,  160 

44       Treasurer's  Office X,  290 

tt       Use  of VI,  316 

Value  of IX,  431 

Writing  Up IX,  433 

Recorder  of  Deeds Ill,    96 

Rectangular  Rail,  Thick- A.  D.  1838— Illustration HI,  224 

Red,  Signification  of IV,  340 

Reduced  Rate  Tickets,  English V,  239 

Reducing  Elbow— Illustration,  Plate  II 1, 116-117 

u         Valve— Illustrations 1,386 

Reduction  of  Rates— Its  Cause  and  Effect I,  166 

Redwood  Ties. Ill,  360 

Reece,  Benjamin Ill,  306 

Reed,H.W. 111,207,  366 

Reflector I,  112 

tt        —Illustration,  Plate  II 1, 116-117 

44        Headlight— Illustration,  Plate  1 1, 68-69 

Reflectors,  Silver-Plated  Copper — Development  of I,    68 

Refrigerator  Car,  Capacity  of I,  165 

17  tt     New  South  Wales— Illustration I,  187 

**  Cars VI  102 

Refund  Tickets, Mileage !.!  1 !.' .' ."."."." .".".'!!! !!!!.!!!.! iiv^W,  210 

Refunds,  Auditing— by  Traveling  Auditors IX,  286 

44         of  Excess  Fares V,  196 

44         Overcharge IX,  365,  366 

Register  Bills X,68.    85 

44        Interline  Ticket V,  159, 160, 162,  163 

Local  Ticket V,  159-162 

44        Ticket IX   122 

Various  Persons  Bills" !".".".".!."!"!!! ". ". ! ! \ '.  \  \vii,'&i\  428 

Vouchers VII,  436 ;  X,  68,  83-85 

Registered  Bills,  Collections  for IX,  427 

Bonds Ill,    97 

Regular  Train  —Meaning  of  Term IV,  319 

Trains IV,  352 

Regulations.    (See  also  "Rules") 

44  Governing  Schedules  of  Fares  and  Freight  Rates 

VI,  42-48 

Regulator— Illustration,  Plate  II 1, 1 16-117 

44  Automatic IV,  164 

Reinforce  Brake I,  312 

44      Cylinder I,  312 

Valve I,  312 

Reinforced  Riil  Joint— Illustration Ill,  338 


I 


Position,  of  KiV^In wrTlftlk 

-       t>    ,  diar^  Valve 

u        Shipper's 

Svring-Illu8tratYon,piaie  / 


Valve 


•*       v«i        Center  Brake— Illush 


to 


*      —Illustration  .,', 

Auxiliary  Reservoir—- 


Releases,  for  F^T™"*™**  >to 
Releasing  a  Par^Air  Train  When  MoV 


•*  u 


u  tt      —Instructions  to  Tra 

Relief,  Agents  (;ia|m8  for  " 

u       Cook,  Cylinder-/Wra«0^' ' 

«      Department,  in  France 

m  tt  *  Germany  ....    * 

14  «  u  ?reat  Britain.'.'. 


India 


D  ..  f  Vouchers. 


«  w               "  Italy. 

u  «           a^  the  United  State 

u  -,                    The... 

»  VaIv*7 Ill*»traUon,  Plate  I 

u  „     Automatic 

;  Valves,  Water.. .  °raduate<i ••'•••' 
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Remittances,  Deficient IX,  351 

"  Fictitious IX,  306,  200 

Nun-Bankable IX,  418,  434-127 

"  Opening— in  Treasurer's  Offloe X,  363 

Over IX,  361 

Special IX,  418 

*  Station IX.  353 

Test IX,  W6 

Remnsat XI,    28 

Renewal  of  Locomotives  slid  Cars I,  332' 

Benewals,  Cost  of I II ,  423 

"Renewals  of  Balls" VII,  476,  614 

"Renewals  of  Ties" VII,  614 

"Renewals  of  Ties—  Operating" VII,  476 

'Rentals"  Account. VII.  626,  527 

Rentals,  Accounting;  for X,  180 

"        Payment  of Ill,    98 

Rents,  Collections  for VU.422;  IX,  427 

"Rents  for  Tracks,  Yards  and  Terminals" VII,  494,  623 

"Rente  of  Buildings  and  Other  Property" VII,  494,  623 

Rents,  Water— Payment  of IX.  403 

Repair  Shops VII,  130,  131 

■       of  Locomotives  and  Cars I,  233 

"       Parts — Instructions  to  Car  Inspectors I,  332 

Shed  for  Freight  Cars,  End  Elevation— Illustration,  I,  268 
"      "        **  "     Longitudinal    Section— Hi  us. 

f ration I,  365 

Sheds 1,271 

"        Shop,  Locomotive — Equipment  of 1,  262 

"  "      Passenger  and  Freight  Car— Section  and  End 

Elevation— Illnstration.. .. I,  365 
"  "  "  u     Freight  Car— Side  Elevation— 

Illustration I,  262 

"        Shops I,  123,  333,  250 

"  "       Car 1,271-378 

"  "         "     —Plan  for— Illustration I,  243 

"  "        for  Cars  and  Locomotives I,  371 

General 1,248,350,270 

Labor  in I,  264 

"  "       Location,  Design  and  Equipment  of I,  337 

"  "  of 1,219.250 

Locomotive 1,247-268 

"  "  —Plan  for— illustration I,  239 

Number' of I.  283 

"  "        Organization  of  Labor  in   I.  264 

Tracks 1,268,  269,  375 

Yards I,  269 

'Repairs  and  Renewals  of  Bridges  and  Culverts" 

VII,  475, 476, 614,  515 


e~» 


xve pairs  ana  Kenewals  of  Shop  Mac! 

u  Repairs  and  Renewals  of  Telegraph 
u  Repairs  and  Renewals  of  Work  Car 
Repairs,  Buildings  and  Machinery  f< 

Freshet 

44        Made  in  Roundhouses 

"Repairs  of  Dining  Cars " 

Repairs  of  Cars 

*  u  Locomotives 

u  Repairs  of  Roadway  " 

Repairs  of  Roadway  and  Track 

*  Petty — Articles  for  Making  . 

44  Spring 

44  — Why  Required 

44  Winter 

Repairers,  Car 

Repairing  Triple  Valves 

Report— Use  of  the  Word 

Reports,  Locomotive 

Ticket— Auditing 

44       Traveling  Auditors' VII. 

Reporting  Defects  to  Inspectors— Inst 

Representatives  of  Investors 

Requests  for  Time  Tickets 

44        Government — for  Transport! 
Requirements,  Conformity  of  Cars  to 

of  Those  Who  Work  fc 
Requisitions.    (See also  "Orders.")... 

u  Alterations  in 

44  Approval  of 

**  Cancellation  of 

44  Certification  of . . . . 

**  Classes  of 
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Requisition  for  Tickets  V,  123-127 

u      —English V,240,  241 

*  "   Hotel  Supplies VII,    87 

44  tt   Manufacturing  Material VII,  323 

u  *   Oil VII,  119 

"    Posts VII,  83 

a   Rails Vn,  83 

a              «*   Stationery 4  VII,  86 

-  «*   Ties VII,  83 

u   Timber VII,  83 

tt   Time  Tickets VII.  400 

Fuel VII,  86 

44            —How  They  Differ  from  Orders VII,  77 

44            Information  Afforded  by VII,  70 

Making VII.  67 

Numbering VII,  87 

*  —on  Whom  Made VII,  70 

*  Passing  Upon VII,  60,  67 

44            Preservation  of VII,  84 

14            Prevention  of  Excessive VII,  78 

H  Principles  Governing VII,  71-77  , 

Recordsof VII,    83 

tt  Rules  Governing VII,  77-88 

Signing VII,  62,63,    78 

tt  Times  for  Making VII,  78,    79 

Reserve  Fund Ill,  461,  462 

Reservoir,  Air I,  292 

44    Storage 1,244,262 

44         Auxiliary I,  306-308, 324, 326, 336, 336,  366-361 

tt  u         —Illustrations,  \  Plate  III 11 .11 ...1, 11  £-117 

(Plate  III 1,170-171 

—Charging 1,371 

*  u        —for  Driver  Brakes— Illustration I,  639 

44  tt        —Ratio  of,  to  Brake  Cylinder— Ilhtstra. 

tions I,  367-369 

44         Block— Illustration,  Plate  III 1, 170-171 

Brake  Valve— Illust ration,  Plate  I I,  68-69 

Car,  for  Liquids— French— Illustration I,  164 

Cock I?324 

44         Equalizing^-for  Engineer's  Valve— Illustration.. I,  639 

44         for  Compressed  Air. I,  306 

in  a  Gas  Plant 1,438 

44         Main L  309,  334-336,  380 

44  u     —  Illustration I,  639 

44         Oil I,  101 

44         Steam— on  Locomotives I,    76 

Reservoirs I,  315 

44         Auxiliary— Draining I,  332 

44  *        —Exhausting  Pressure  from I,  377 


~»~oFVUOi  unities,  01  uirectors 
Responsibility,  Concentration  of  .7.7.' 

u  Division  of 

—Its  Effect  on  Wages 
of  Inspectors— I  ustruc 

Rest.  Arm^mZt^i^^ 

«     Hand  Brake-J/to«*ra*ion,  Plate 

Seat ^End— Illustration,  Plate  II 

TutSlX*  b^PP?ed  UP-Itistructlons  to 
Retaining  Chain,  Face  Plate— Illustrai 

Valve 

Return  Bend— niustration,' Plate  II " " 

*  Local  Ticket— Monthly  ...    " 

«    ¥&Sil"feto,3IIie  Ticket-  •  •"• 

u       Use  of  the  Word 

u       Weekly— of  Interline  Ticket  Si 

w  .  ,a  Ticket  Sales 

Returns.    (See  also  "Reports.") 

Agents'- English.   ...... 

*  Auditing # 

Baggage .7..  .7 !  * 

U         Baggagemen's. . . ...  V.V  7.7 

Cash  Fare— Rules  Governing .' 
u        —channels  Through  Which  T 
u        Coaching— English .... 
u        Conductors'— of  Freight  Load 

44        Corporate....!4...    *       HauJ 
^        Daily-of  Freight  EarningV.V 

"        Division  ofMi!^^ip.ment8-' 

14         Errors  in *'/' 

,  **         Examination  of 
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Returns,  Fuel VII,  332-336 

Functions  of II,  284 

u        —How  Often  Ttaev  Should  Be  Made X,  45-69 

14        Interline  Excess  Baggage V,  482 

Traffic— English V,  261,  262 

Junction— of  Interline  Way  Bills VI,  241,  242 

*  Milk VI,  247,  248 

u        Miscellaneous  Freight  Collections  Not  Way  hilled . . 

.  •  •  •        VI   218  219 
tt        Monthly— of  Book  Miik  Ticket  Sales. 7.7.7. . . ! . Yl\  262 

*  *  "    Comodities,  for  Freight  Forwarded. . 

VI,  272-274 

*  a  *  u  for    Freight    Waybilled 

Through  from  Sta- 
tions on  Other  Rail- 
roads..  .VI,  274-276 
tt  u  tt    Excess  Baggage — Rules  Governing . . 

V,  607-612 

tt  a  •    Milk  Ticket  Sales VI,  261 

*    Unref  unded  Charges VI,  266,  266 

a         of  Conductors V,  216-222 

44         u   Freight  Forwarded  After  Having  Been  Manipu- 
lated in  Transit VI,  270 

u         M         u       Received  to  Be  Manipulated  in  Transit. 

VI,  269 

u   Interline  Way  Bills  Passing  Junctions. .  .VI,  242,  243 
u   Milling,  Cleaning  and  Shelling  in  Transit  . .  .VI,  267 
44   Monthly  Abstracts  of  Interline  Way  Bills  Re- 
ceived  VI,  230,  236 

u   Local     Way   Bills   For- 
warded ..  ..VI,  230,  232 
44  a  u   Local  Way  Billg  Re. 

ceived .VI,  230,  233 

Summary  of  Local  Way  Bills .  .VI,  238,  239 

Overcharges VI,  261-263 

Switching  Charges  Collectible   VI,  260,  261 

*        Due  Other  Companies 

VI,  268,  259 

Passenger V,  172,  173 

—Auditing X,  121-134 

Purpose  of  Agents'  and  Conductors9 V,  166-168 

Railway Ill,    41 

Rendering. 111,426 

44        Required  of  Agents VL    83 

44  Conductors VI,    83 

44        Routine  of X,  86-00 

44         Station  Agents' X,    67 

44  u      —Passenger— English V,  243-246 

Theoryof X63-69 

Ticket V,83,    84 
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Baggage 

Collection  of,  H.1 86,'l9S 

imcu  '    — Respons 

disbursement  of 

Excess  Bagpge  . . .  .".V; 
u  u         — Accoi 

tt         Handling 7Co,,e< 

tt         — How  Derived. 

Influences  Affect inir  "  " 
•         of  Fast  Freight  Linls::;. 

:         xJlwfy  P°.rUl!i0n  °0mpa 

u  2      ""Collection  of.! 

**  tt       — Disbursement  c 

«  u       —Men  Who  Hand 

—Principles  and  ; 

Handling.... 

Surplus  to  Build  Other  T 
Revenues,  Freight— n^l\l  y  ner  L 

_  Levers ' 

Reversible  Seat .'.' ' '." 

Reveling  oi/™^^^ 

End  view  of— Iliusi 
Engineer's  Lever  in 
u  u  tration  . . 

,  I  -  £ide  v»ew  of-1 illuHt] 

.til  »         Lever PriU*  Ca»-««^ 


sn 

**  44 

44 


■  ..  .«»  —m*+i-r+s  #s»»  a  at*%l^ttn 


GENERAL  INDEX.  289 


PAOB 


Rewards II,  24,  29-31 ;  III,  324, 326;  IV,  24-27 

Rheostat I,  410,  460 

Rhodes,  G.  W 

. .  .1,  236, 240, 241, 244,  252, 253, 257-259, 260, 262,  276,  279,  333 

Rich,  Baggage  of  the V,  413 

Richard  Cceur  de  Leon,  Baggage  of V,  280 

Richmond  Locomotive— Illustration .• .1,  144 

Ridge  Pole,  Lower— Illustration,  Plate  III 1, 170-171 

Riding  Backward I,  187,  188 

Riebenack,  M V,  17,    110 

Rig,  Grate  Shaking— Illustration,  Plate  1 1, 58-59 

*  Whistle— Illustration,  Plate  I I,  68-59 

Rigging,  Cylinder  Cocks— Illustration,  Plate  I I,  58-59 

^        Draft I,  210 

"         Grate '. .  .1,  286 

44         Throttle. I,  286 

"Rightof  Way" VII,  464 

Right  of  Way,  Claims  for II,  233 

*  u     u       Cost  of. Ill,    45 

44     to  the  Road— Meaning  of  Term IV,319,  320 

Rights  of  a  Train— Meaning  of  Term IV,  320 

*  tt  Railway  Corporations VII,    27 

44       u  the  Common  Carrier VI,  6,      7 

Rim,  Wheel— Illustration,  Plate  III 1, 170-171 

Ring,  Dry  Pipe— Illustration I,    98 

44      for  Russia  Iron  Top— Illustration,  Plate  II 1, 116-117 

44      Joint  and  Wedge — West  Jersey  Railroad— Illustration 

Ill,  246 

44      Mud— Illustration I,    98 

44      Piston  Packing— Illustration I,  341 

Rings,  Curtain— Illustration,  Plate  II 1, 116-117 

44       Piston  Packing— Illustration,  Plate  I. 1, 58-59 

"Riprap" Ill,  254 

Riser— Illustration,  Plate  II. I,  116-117 

44    Platform  Step— Illustration,  Plate  II I,  116-117 

Risk,  Influence  of— on  Rates VIII,    96 

tt      Premium  Paid  for Ill,    75 

Rivalry  in  Railway  Organizations II,  124 

44       Result  of— Among  Manufacturers I,  146,  147 

Rivers,  Changes  in  Channels  of Ill,  163 

Riveting  Machine,  Hydraulic I,  255,  256 

44         Machinery,  Portable I,  262 

44        Plant,  Hydraulic I,  262 

Rivets I,    75 

u      Use  of— in  the  Boiler I,    74 

Road  Building,  Art  of I,  163 

44      Cable I,  393 

44      Crossings Ill,  266,  257 

"Road  Crossings  and  Signs" VII,  464,  465 

Road  Crossings,  Duties  of  Conductors  in  Relation  to IV,  404 


Roads,  Creation  of 

44       Electric 

u       Necessity  of  Good 

to  Preferment 

Tram 

Roadbed 

44         Chicago  &  North-Westera  I 

'         Cost  of  Keeping  in  Order. . . 

44         Drainage  of 

44         Effect  of— on  Cost 

44         Electric  Railway 

44         Preparation  of 

Roadmaster 

Roadmaster's  Division 

Road  masters.  Requisitions  of 

Roadway  and  Track,  Care  of 

44  u         u       Construction  of . 

44       Cost  of  Repairs 
44       Expenses  of— Du 

44  U  U  M  U  U 

44  u         u      Maintenance  of... 

44  tt         tt       Material  Used  in  ! 

of 

44  Department,  Organization  o: 

44  u  Rules  Govern ic 

44  Maintenance  of 

44  Superintendent  of 

Robinson,  Doctor 

Rock  Cuts , 

'  Rocker—  Illustration,  Plate  I 

Ht  u       Arm , 
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"Rocket"  Locomotive— Stephen  son -r.  1S.11>     /t'u«rari©».  ...I,    20 

Rockfn>r<;ratefc- /('"•"' ("f".  Plate  I  .. I,  58-69 

Rod  Balance  Spring— TOm&tratiem,  Plate  II 1. 116-117 

"  "  "      Center   Brake— Illustration,  Plats  II... 

1,116-117 

"     Basket  Back— Illustration.  Plate  II I,  116-117 

"     Body  Truss—  Illustration,  Plate  II 1, 116-117 

*  Bush— Hi usi ration.  Plat*  1 1,  68-69 

"    Connecting— C villi Jor  l.cn'i  —  lltuslratroi.  Plain  II 

1,116-117 

— Hand  Brake—  Illustration,  Plate  II  .1,116-117 

Hodge  Lever- IMiutraf ion.  Plat*  II...  1,116-117 

"  "  Lover  lirn\t<-—IIU*trt,t„,n.  Pint,  It.  ...1,116-117 

to  Truck  llfHf- initiation    Plate  II  .1,116-117 

"  Upper  Brake—  Illustration.  Plate  II  .  .J,  116-117 

*  Connection,  Main— Illustration.  Piatt  1 1.68-68 

"    Counterbrace—  Illustration.  Plate  II 1,116-117 

**     Curtain— Illustration.  Plate  II...    L 110-117 

"     End  Sill  Tie—  Illustration.  Plate  II 1,116-117 

"    Hoe  Chain  or  Overhang  Truss- Illustration,  Plate  II  . . 

1,116-117 

"    Inside— Connecting— J'(«"C-«'>fln,  Plate  It   1,116-117 

"     Main— Illustration,  Plate  I 1,68-69 

"    Operating— for  Release  Valve—  Illustration I.  641 

"    Outside— Connecting-  ■  Illustration,  Plate  II I,  116-117 

"    PinLlfter—  Illustration,  Plate  III 1,170-171 

"    Piston  1,329 

—Illustration,  Piatt  I 1.68-69 

"    Platform  Tie— Illustration,  Plate  II 1, 116-117 

"     Push— Illustration I,  641 

"    Reach- Illustration,  Plate  I 1,68-69 

"    Release  Valve—  Illustration,  Plate  III. 1,170-171 

"    Keversing 1,    91 

"    Side  or  Parallel— Illtistra lion.  Plate  I 1, 68-69 

"     Sill  and  Tie— Illustration.  Plate  II    1, 116-117 

"        "     Tie— Illustration,  Plate  II 1,116-117 

"     Seat,  Overhang  Trims-  Illustration,  Plate  II 1,116-117 

"    Sliding— Illustration,  Plate  II  1,116-117 

*  Stay— Pedestal— Ul«»: ■■"."».  Plate  II    1,116-117 

"    y [ruining,  Bruce  Rod-  Illustration,  Plate  II 1, 116-117 

"    Tension I.  214 

"    Tie— Safety  Beam— Illustration.  Plate  II 1,116-117 

u    niw   Thiwihii    flliiilrnrHom  ptatr  u 1,1 16-117 

"     Uncoupling— Illustration,  Plate.  II J,  116-117 

"    Valve  I,    94 

"        "        Stem— Illustration.  Plate  I I,  68-69 

"    Vestibule  Door  Guard  —  Illustration.  Plate  II 1,116-117 

"     Washer  Brace—  Illustration,  Plate  II 1, 116-117 

"      Window  Curtain— Illustration,  Plate  II I,  116-117 

Rods 1,873,381 


Stay 

Truss ..... 

g°Serf  J'Oeomotive-^ hlus'traiion 
KoIJ,  Head— Illustration,  Plate  II  ' 

Rolling  Stock 

"Rolling  Stock". 

Rolling  Stock,  Care  andMaYntenano 

«  u      flections  'or  Bepai 

*i  u      Comparison  of  Engli* 

**  u      r-Cost  of  Keeping  in 

u      Jj8P«ctor8  of  ....... . 

«  tt      Manufacture  of— by Kj 

Supervision  of.... 

E^o11  C*r*  Wh"*  Ancient-JHt^Vr 
Romans,  Ratio  of  Silver  and  Gold  An 
Road  Building  by . 

Rome ..!.."...".".*  

"  a    Highwavs  of ^. ....... V. 

Koof  Apron- Illustration,  Plate  II " 

u  Boards— Illustration,  Plate  II "  \ 
Oar ........ 


**  M 


«     n-  JJne'  Pjatform— Illustration 
a     Casting— Illustration,  Plate  II 

a      Covering-Illustration,  Plate  II 
Grab  Iron— Illustration,  Plate  II 

*     of  Car  Repair  Shops.... 

Round  hou  868 

u      "  Shop  Buildings..*.!! 

u     3^»fopm— Illustration.  Plate  II 
Trusses 

Dynamo 

"      Engine....  .WW." 
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Room,  Yard 1,260,  276 

Rooms,  Core I,  267 

Parcel V,  427-430 

44  *     —Rules  Governing V,  429,  430 

44       Toilet 1,184,  186 

Rope,  Bell— Use  of,  as  Signal IV,  250,  251 

44      Safety— Berth— Illustration,  Plate  II 1, 116-1 17 

u      Use  of— by  Railways VII,  212 

Rotary,  Converter    I,  427 

Disc  Valve I,  329 

44        Plug I,  309 

44       Power,  Production  of — by  Cugnot I,    18 

44       Transformer I,  427 

(400  Kilowatt)— Illustration I,  424 

44  u  Armature  (400  Kilowatt)— Illustration 

I,  426 

14  u  at  Buffalo—  Illustration 1,602 

44  *  Niagara  Power  House  (500  Horsepower) 

— Illustration I,  501 

44        Transformers I,  440, 451,  452 

44        Valve I,  365 

44  "     Horizontal 1 ,  308 

44     Vertical 1,  308 

Rotterdam  and  Antwerp  Steamship  Company V,  289 

Roumanian  State  Car— Illustration I,  220 

Round  Trip  Card  Tickets V,  94,    96 

Roundhouse,  Design  of I,  241 

Employes 1,229,  271 

Floorof 1,243 

Force 1,247 

44  Foreman I,  247,  316 

44  Handling  Cindersat I,  260 

44  Selection  of  Ground  for 1,240 

Roundhouses 1, 238-247,  260,  269 

44  Arrangement  of 1,230 

Fuel  Stored  at VII,  334 

Location  of 1, 237,  240 

Metnodof  Heating I,  241 

Route  Agents,  Express V.  539 

Routes,  Surveys  of Ill,  157 

Royal  Commission .II,    45 

of  England VI,  69-71 

44  tt  on  Railways in,  169 

44  Reportof HI,  154 

Rubber  Seat— Illustration I,  344 

Use  of —by  Railways VII,  213 

Rule,  The  Fi  rst  Freight VI ,    84 

Ruler,  Needs  of— How  Met XI,    33 

Rules  and  Regulations  Governing  the  Use  of  the  Brake,  1, 314-333 
14      Differences  in— on  Different  Railways IV,  308-313 


44 


^      Obedience  to *  ~ 

Object  of 

"      Printed 

H       Railway— Early  ."."."." 

Train— Eu^iigh ". .".'  #   *  f^ 

348-350,  357,  3<KM*64 
«  u         ^  402,  403,  405-410,  421 

a  —Growth  of ' 

— Objectof 

«  ?    —Standard ;;*-" 

u      —       —value  of ... .             *  *  * 
Valoe  of 

Run  Regardless-Meaning  of  Term  ' ' 
Running  Against  a  Train-Mean™g  oi 

—Illustrations,  I  f^**8 
a  u  '  ]  Plate 

**         i>    Ii>tSaddI©— Illustration,  P 

H        Position— Instructions  to  Enj 

of  Engineer's  Brake 

_    •        Tests  of  JtaSS*^- 

Runways,  Overhead 

Ku88ia * 

*       Baggage  Allowed"  in. '.'.*'''/" * 

OaugeUsedln 

Heating  Cars  in .'. 

u       Iron...: 

-Its  Primitive  Associations  an' 

"       PHmitive' I'arriage  in^Illusirat 

status  of  Railways  in 

Useof  Oilin.... ....  

Rn£  ?D     rre,ght  ^COmotive^/W^YraVt 

Russians,  Use  of  Porf*hi«  w0ii» .™w 
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Saddle,  Running  Board— Illustration,  Plate  III 1, 170-171 

*       Tank    Engine,    American  Fou r-W heeled— Illustra- 
tion'   1,105 

Saddles 1, 93, 109,  286 

Safeguards  VI,  78,  79, 81,    82 

Enforcement  of II,  1 26 

44  Fiscal— Enforcement  of IX,  297 

Origin  of. XI,    40 

Value  of IX,    28 

Safes,  Changi  ng  Combinations  of IX,  134,  336 

4N      Locked— Open  ing X,  272 

"      Money X,  270,  271 

u      Use  of IX,  188, 189.329,  334-337 

Safety  Appliances IV.  106-145;  Villi  316 

44  "  Adoption  of II,  26 ;  IV,  134, 135, 137,  138 

44  "         — How  Looked  Upon  by  Governments.. I II,    38 

44  u  Power  of  State  to  Enforce IV,  138 

44     Beam— Illustration,  Plate  II 1, 116-117 

44         44         Iron— Illustration,  Plate  II 1, 116-117 

Middle— Illustration,  Plate  II 1, 116-117 

Tie  Rod— Illustration,  Plate  II 1, 116-117 

44       Bearing,  Axle—  Illustration,  Plate  II 1, 116-117 

44       Coupling  Chain- Illustration,  Plate  II 1, 116-117 

44      Devices 111,36-58 

44       Hanger— Illustration,  Plate  1 1,  58-69 

44  *         Center  Brake—  Illust ration,  Plate  II.  ..1, 116  117 

44      Plate  Handle— Illustration,  Plate  II 1, 116-117 

"      Plugs I,    81 

Rope,  Berth— Illustration,  Plate  II 1, 116-117 

Strap,  Axle—  Illustration,  Plate  II 1, 116-117 

44      Brake—  Illustration,  Plate  II 1, 116-117 

44      Valve 1,81,    82 

44  "      Connections— Illustration I,    98 

44      for  High  Speed  Brake—  Illustration I,  362 

i... .1,632,  363 

44  *      Section  ot— Illustration I,    82 

44       Valves— Illustration,  Plate  I T,  68-58 

Salaries— English  Railways IV,  447,  448 

uSalaries  of  "Clerks  and  Attendants'- VII,  496,  623 

"Salaries  of  General  Officers" VII,  495,  523 

Sales  Agent.    (See  "Purchasing  and  Sales  Agent.11) 

Saloon  Car,  Austrian  Imperial— Illustration I,  220 

8alts,Metallic— Use  of Ill,  352 

44     Mineral— Use  of Ill,  361 

Sample  Cases,  Checking V,  497,  498 

"Sampson11  Locomotive.. I,    53 

"Samson"  Locomotive I,    31 

44  tt  1838.    Built  by  Timothy  Hackworth 

— Illustration I,    40 

Sand,  Application  of— to  Rails 1, 110,  321 

40  vol  19 


u 


u 


l^fjver — illustration,  Plate  I. 
44     Papering  Machines 

u      Pipe—  Illustrations,  j  Plate  2 

44        **      Locomotive — Supplemei 
— Illustration 

44     Supply  of— for  Locomotive. 

44     Use  of— on  Rails. 

44     Waste  of— Its  Prevention 

Sanding  Appliances,  Air— Automat 

Rails. 

Sanitation 

Sardis 

Sargent,  George  M 

Sash,  Deck— Illustration,  Plate  II.. 
44  Lift  Door— Illustration,  Plate 
44  Lintel,  Deck— Illustration,  PU 
44  Lower  Door — Illustration,  Pic 
44  Opener,  Deck — Illustration.  P\ 
44  Pivot,  Deck— Illustration.  Pla\ 
Pull,  Deck — Illustration,  Plate 
Upper  Door — Illustration,  Pla, 
44  Window— Illustration,  Plate  II 
44  tt        Blind— Illustration,  P 

Savagery 

Relation  of  Property  to. . . 

Savages,  Advancement  of 

44       Money  of 

Saving,  Habit  of— What  It  Represent 
44       —How  Effected  in  the  Machi 

Savings  Funds 

Saw  Track — Illustration 

Mom/In^     T* •        - 


U 
U 


CUStfEkAt  INDEX.  $97 

PAGE 

Schedule,  Train IV,  75,    76 

Schedules,  Arbitrary II,    35 

14         of  Fares  and  Freight  Rates— Regulations  Gov- 
erning  VI,  42-48 

Schenectady I,    44 

Locomotive— Illustrations 1, 139, 140,  142 

Schliemann,  Doctor XI,    89 

Schools,  Polytechnic I,  234 

Sohweinf urth XI,    28 

Science,  Electrical I,  390 

44       Railway— The VII,  232 

Scientific  Instruction I,  234 

Scoop  Water I,  106 

Scotch  Block— Meaning  of  Term IV,  315 

Scott,  Charles  F I,  391 

Scottish  Double  Header  Locomotive — Illustration I,  135 

Scrap,  Accounting  for VII,  305,  306 

44      Assorting ....VII,  302 

44      Brass— Care  of VII,  303 

44      Careof VII,  263,  302,  303 

44      Collection  of VII,  302,  303 

41      Collections  for VII,  420,  421 

44      Final  Disposition  of VII,    89 

44      Furnaces 1,255 

44      Inventorying. VII,  845 

44      Invoicing VII,  282 

44      Iron.  Use  of— for  Wheels IV,  208,  209 

44      Orders  for  Transfer  of VII,    80 

44      Records  of VII,  303 

44      Returns  for VII,  303,  305 

44       Shipping VII,  304,305,310,  311 

44      Storing VII,  304 

44      Value  of VII,  263 

44      Weighing VII,  305,  311 

Screen  Post,  Deck— Illustration,  Plate  II 1, 116-117 

Screens,  Window—  Deck— Illustration,  Plate  II 1, 116-117 

Scriptures,  The XI,    28 

Scythians,  Horses  of XI,    87 

Seal,  Corporate — Careof II.  182 

44     Costof Ill,  156 

44     Pin,  End  Door— Illustration,  Plate  III I,  170-171 

44     Side  Door— Illustration,  Plate  III 1, 170-171 

Seals,  Car VI,  49-51, 103,  104 

Seam,  Circumferential — Illustration,  Plate  I; . .  .1, 58-59 

Seams,  Boiler I,    74 

Seat,  Car— Evolution  of 1,186,187 

End—  Illustration,  Plate  II 1, 116-117 

Rail— Illustration,  Plate  II 1, 116-1 17 

Rest— Illustration.  Plate  II 1, 116-1 17 

Hinge— Illustration,  Plate  XI 1, 116-117 
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m     Truss  Roc  —  Transom— lllwti 
Valve— Illustration  Plate  I 

Secondary  Current 

Secretary ' 


Duties  of 
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u         £'^°e  treasury, 
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Powers  of— on  English  *I 
Qualifications  of. . 

o    .,      ^  Records  of "" 

Section  Gangs 

of  a  Dy namoYshowi  ng 'mic. 
the  Armature  Within— 
Sections, Length  of... 
Sectional  Brake 

Securities.     (See  aiso^BondsVlndec 
Character  of  Different  Ki 

Custody  of 

Discount  on . . . . . .".".." 

Fluctuations  of . ! 

in  Stocks ]\[ 

Interest  on . . ! '. ','. ..' ' ' 

Issuing  'm'/m ' 

Land ."..."..". 

Negotiations  and  Sale  of' ' 
of  Prospective  Railways  ." '. 
RaUway— Fluctuations  in. 

2       — Holders  of 

a       ~"in  America 
u              M        —Investments  in  \ 
u              u        —Precautions  to  Ij 
M  M        —Price  of 
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Seguin's  Locomotive — The  First  with  Multitubular  Boiler, 

1828 I,    26 

44  Multitubular  Boiler, 
1828 — Illustra- 
tion  I,    26 

Seine  River I,  215 

Selection,  Law  of II,    14 

Self-Excited  Dynamo I,  408,  409 

Semaphore,  First  Use  of IV,  202 

*  —Meaning  of  Term IV,  320 

Signals 248,  249,  265,  261 ,  262,  274,  278,  292 

44  *        Automatic  Block— Illustrations,  IV,  502,  503 

Signification  of IV,  349,  350 

Semaphores IV,  391 

Semite I,  163 

Senate,  Carthagenlan XI,  141 

Separately  Excited  Dynamo I,  409 

Serfs XI,    35 

Series  Machine— Illustration I,  412 

44       Motors I,  412,  474-476,  485 

Servants,  Government— Peculiarities  of VI,  276-279 

Service,  Application  of  the  Air  Brake  in — Instructions  to 

Enginemen 1,317,  318 

44                 u           Position,  of  Engineer's  Brake  and  Equal- 
izing Discharge  Valve I,  350,  361 

"       Baggage '. V,  275-514 

— Needsof V,63-65 

44        Car VI,  49,  53-57 

44         w    —Superintendent  of VI,    57 

44        Corporate— Vicissitudes  of II,    60 

44        Cost  of— Effect  on  Rates VIII,  110 

44        Defiuiteness  of II,    99 

44       Difference  Between  Freight  and  Passenger IV,    17 

44       Efficiency  of— How  Improved II,    96 

44       — HowSecured 11,84,    85 

Efficient VI,  5, 11-18 

44       Esprit  de  Corps  of— How  Maintained II,    23 

44        Express  and  Mail V,  515-563 

44       Express— in  United  States V,  537-551 

Freight— Organization  of VI,  11, 12,    22 

Use  of  Electricity  for I,  513 

Inefficient II,    25 

Passenger V,  1 1-273 

44         —Adaptability  of V,14,    15 

44        —Changes  Affecting V,    21 

44        — Comparison  of  English   and    American 

y  22—26   30     31 

44         — Familiarity  with  Needs of....'. IM    22 

44         — Intricacies  of V,    15 

44         —Requirements  of V,  17,    18 
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Shade,  Window— Illustration,  Plate  II 1, 116-117 

Shaft,  Armature I,  405 

44      Arm,  Tumbling—  Illustration,  Piatt  1 1, 68-59 

*      Brake 1.298 

44         tt      Chain* Illustration,  Plate  II 1, 116-117 

44      Driving I,  466 

44      Dynamo I,  466 

44      Lever,  Tumbling— Illustration,  Plate  1 1. 68-59 

44      Lifting .1,    90 

44      Motor— Mechanical  Energy  Delivered  by I,  403 

44      Revolving I,  441 

44      Rock I,    94 

44      Tumbling—  Illustration,  Plate  I I,  68-59 

44      Uncoupling— Illustration,  Plate  II 1, 116-117 

Shafting I,  274 

Shafts 1,83,    92 

44      Tumbling I,  286 

Shake  Lever  Stub— Illustration,  Plate  1 1, 58-59 

Shaker  Grate—  Illustration,  Plate  II. 1, 116-117 

Shakespeare,  Use  of  the  Word  "Baggage"  by V,  277 

Shank— Illustration,  Plate  II. 1, 116-117 

Shareholders.   (See  also  "Stockholders") 111,81,    85 

44  Practice  of— in  America- Ill,    81 

44      u  England Ill,    81 

44  Redemptionby Ill,    87 

Shares,  Classes  of Ill,  87,    88 

44       Different  Kinds  of Ill,    85 

44      Issueof HI,    65 

u      Issuing in,    30 

44      Par  Value  of Ill,    87 

44      Preference Ill,    88 

44      Saleof Ill,    85 

Sharp,  Roberts  &  Company I,    32 

Sharrukin XI,  102,  106 

Shavings,  Removal  of I,  274 

Sheathing  Furring— Illustration,  Plate  II 1, 116-117 

-         OaUAd+-mustraHons,  J  £££  /£  ■ ;  •  •  •  • ;  J;  «{;}» 

44  Rail— Illustration,  Plate  II. 1, 116-117 

44  Side  Door— Illustration,  Plate  III 1, 170-171 

Sheave  Bracket,  Chain— Illustration  Plate  II 1, 116-117 

44      Chain— Illustration  Plate  II. 1, 116-117 

Sheds,  Repair I,  271 

44      Snow— Useof 111,302-305 

Shelling  Freight  in  Transit VI,  267 

Sheep  Car,  Victorian— Illustration I,  193 

Sheet, Crown 1,75,81,96,    97 

44      —Illustration I,    98 

44     Flue I,    97 

44     Tube— Illustration,  Plate  I ,,,..,........, 1, 58-59 
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Shop,  Erecting 1, 251,  273,  274 

andMaohine 1,264 

—for  Freight  Cars 1,271 

u  Passenger  Cars. 1,271 

44            *       — Locomotive  Department — Cross  Section— It- 
lustration I,  248 

—End  Elevation— Il- 
lustration. . .  .1,  246 
—Side  Elevation— Il- 
lustration.... I  y  245 

tt  *       — Tracksin I,  261,  262 

44      Foremen 1,264,  265 

44      Forge 1,251,256,271,  272 

44      Labor,  Arrangement  of I,  283 

44       Distri  bu  tion  of T,  285 

Locomotive  Repair— Equipment  of I,  262 

Machine 1, 261, 272,  273, 275,  286 

and  Erecting 1,251,264,265 

"Shop  Machinery  and  Tools".. .  VII,  465 

Shop,  Outlay— How  Reduced I,  287 

44      Paint 1,251,  252,257,273,  274 

44    —Freight  Car 1 ,  271 

44     -Passenger  Car I,  271 

44  *  —Cross  Section— Illustration... I,  269 

44  —End  Elevation— Illustration.  .1,  269 
44  —Side  Elevation— Illustration.. I,  267 

Purposes,  Compressed  Air  for I,  384 

Supplies,  Inventorying VII,  344 

Tank I,  251 

Telephone  System  1,279 

Tin  and  Copper— Illustration I,  251 

Work,  Arrangement  and  Systemization  of I,  288 

Discussion  of  Matters  Relating  to I,  289,  290 

Shops,  Arrangement  and  Systemization  of 1, 283,  288 

44       Blacksmith 1,130,131 

14      Boiler,  Tin,  Flue,  Wood  and  Blacksmith— Locomotive 

Department — Illustrations I,  249 

Car  Repair I,  271-279 

—Plan  for— Illustration I,  242 

Collections  at VII,  415 

Comparisons  of  Work  at  Different I,  287 

Construction— Location  of 1, 122,  123 

44      Discussion  of  Questions  Relating  to  the  Machinery  of 

1,289,  290 

44      Employes  of L  229 

44  —Meetings  of 1, 227-229 

44  *  tt  —Value  of  Discussion  Among 1, 289,  290 

44       Equipment  of I,  259 

44       Erecting 1,272 

—Distribution  of  Material  to I,  272 
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',  Erection  of ...1, 1 

Kx.'.mi  nations  at— 07  Traveling  Auditors Vlf.  4 

Kb.  links  of I,* 

Kufl  Stored  at  VII,* 

General  Repair I,  JM8,  * 


I  <.r 


I   ot- 


nof.. 


•a  of 1,161 

at  VTI,  2(4 


I.i>.omotlve  Repair—  Plan  for— Illustration |,  • 

Mai-hliie ..-1,439,} 

Mai-liliir-ry  of    I,  J 

Maklt'K  Pay  Rolls  at VII,  369. ! 

Manufacturing—  Privilege  of  Inspect  Ins; I,  I 

Organisation  of    1, 934,  237, 383,  I 


I 'a 


MiriTi.il  at VII,  3i 

ay    1,12-1,  t 

—  Arrangement  Of 1,  % 

■  Machinery  of I,  1' 

.1.122,339,360;  VII.  130.  1 
.1,371-1 
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Shut-off  v»ive.  1  A  ■        I        ■    ■     ■     Plate  II 1, 116-117 

Sbutt  End  Railway  I,    28 

Slam,  Its  Primitive  Associations  and  Means  of  Carriage 

XI,  337-363 

"      —Primitive  Carriage  in— Illustration*. XI,  337-363 

Siberia— I  tsPrimitlve  Assothiliuns  and  Means  of  Carriage.. 

XI,  448-468 

"      —Primitive  Carriage  in— Illustrations XI, 448-468 

Siberian  Railway  Locomotive— Must  ration I,  119 

Sicily XI,    81 

Sickness,  Amelioration  or  the  Condition  of  Railway  Men  and 

Their  Families  In  Cases  of X,  191-863 

Side  Hearing,  Body— Illustration,  Plate  III 1, 170-171 

Bridge-Illustration..  Plate.  II. 1,116-117 

"       Body— Illustration,  Plate  II 1,118-117 

Pillar  Body— Illustration,  Plate  II 

1,118-117 

Truck— Illustration,  Plate  II 1,118-117 

*  "  Bolster—  Illustration.  Plate  III.. .  .1, 170-171 

"     Bearings I,  314 

"      Door  Bottom  Rail— Illustration.  Plate  III 1,170-171 

"  *       Braces—  Illustration,  Plate  III 1, 170-171 

"      Brack et—Uhmtntiian.  Plat?  Ill 1, 170-171 

Wedge—  RhMti a lion.  Plate  III 1,170-171 

"      Chafing  Strip— Illustration,  Plate  III 1,170-171 

"      ClosedClasp— Illustration.  Plate  III 1,170-171 

■        Ston-Mu»tration.  Plate  III 1,170-171 

"        "     Furring— Illnsi ,-a  !(•>,>.  rial,:  III. 1, 170-171 

"      Handle—  Illustration.  Plate  III 1,170-171 

"  "      Hanger—  Illustration.  Plate  HI 1,170-171 

"     Http— lUmmtrtttm.  Plate  III 1, 170-171 

"      Middle  Rail—  II lustration.  Plate  HI J,  170-171 

"         "      Open  Clasp— ■Illustration.  Plate  III 1,170-171 

*      Stop— Illustration.  Plat--  III 1, 170-171 

"      Seal  Pin— IlU.Htralion.  Plate  III  1,170-171 

"      Shestliing— Illustration.  Plate.  Ill 1,170-171 

"         "      Staple— lllustra lion.  Plate  III .1, 170-171 

-         •      Stile— Illustration.  Plate  III 1,170-171 

"      Threshold  fliln     rTriif ■'  —   Plate  III.  ...1,170-171 

*  "      Top  Rail  —  Illustration,  Plate  III I,  170-171 

"      Track— Illustration,  Plate  III 1,170-171 

"        "     Wflflgo    phwrrftm   Plate  III 1, 170-171 

Side  Fascia— Illustration,  Plate  III 1,170-171 

"    Girts- Illustration,  Plate  III 1,170-171 

"     Grab  Iran— Must  r.ition,  Plate  III 1,170-171 

"     Lamp—  Illustration,  Plate  II 1,116-117 

"      Bracket—  Illustration,  Plate  II 1,116-117 

"         "      Chimnev— Illustration.  Plate II 1, 116-117 

"      or  Parallel  tM—Bhtst™"on,  Plate  1 1,68-69 

"    Plate—  Illustration— Piatt  III 1,170-171 
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Sirlp  Po.ket  Pin     W:*traHon,  Plate  IT I,  U4-11J 

••     sill—  IU**trittian.  Plate  II 1,114-117 

-  -     Knee  lT..n-lll„Himlion.  PUitt  II 1,119-117 

*    Stew  S|«-in«— IttHftration,  Plate  II  ... 1, 119-117 

n.iml.;c—  I ilitui ration.  Plate  II 1,119-117 

■•     stems—  Illu'iraiion.  Plate  II 1,116-117 

-  Tnu-k— Meaning  <tl  Term  IV,  320,  331 

'■    Tracks.  Xew II,  Ml 

-       I'm  or-Cbargw  (or Ill,  407 

■Si.ling-"    ., VII,  466 

Siiling*,i:on*trm:t1oiiof II,  311 

MiJ.l:e-H s<;r>vemlng IV, 376,  376 

Rl.lo.i XI.  123 

Siemens  &  Huhko  I,  620 

Signal,  Atr I,  SSI 

••    —Cure  of I,  383 

•'    —  I ii. r rin -Hod*  to  Engineer* I,  366 

■'    -Train  1,817,383.330 

"All  Hlghf— IHii'tration IV,  346 

"        Apparatus  I,  S76 

'•B;i.-k  \\i -Illustration  IV.  430 

ISramN   Pipe    ("ut-Uut  Cock— Illtuttratxon,  Plate    II 

I,  116-117 

tf    *  ar  niarliarge  Valre— ■  Illustration, 

Plnlell 1.119-117 

"       "('a.itl.m"—  lll.">tration IV,  246 

Conl 1,361 

-     —  lllMtmi.oH,  Piatt  II 116-117 
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Signal  Pipe  Ilose— /Mwa tration,  Plate  I I,  68-69 

^*  -     Strainer—  Illustration I,  386 

44  a     Train— Illustration,  Plate  II I,  116-117 

Pipes I,  362 

tt       Posts IV,  262,  253 

44       Semaphore— "Caution,  Run  Slow"— Illustration.  .IV,  602 
«  «  _  "Clear,  Proceed  "—Illustration IV,  503 

*  **  — "Danger,  Stop"— Illustration IV,  602 

44       Station— Meaning  of  Term IV.  341 

"       "Stop "—Illustrations IV,  246,  479 

"       Train  Air— Operations  of I,  362 

44       "Train  Parted  "—Illustration IV,  480 

44       Two- Arm  Home— "Main  Route  Clear,  Proceed "— Il- 
lustration  IV,  601 

*  *  *     —"Diverging  Route  Clear,  Proceed " 

—Illustration .IV,  601 

44       Valve—  Illustration I,  386 

«  "      Car— Illustration,  Plate  II 1, 116-117 

Whistle—  Illustration I,  386 

44  tt        —Illustration,  Plate  I I,  58-59 

Signals 111,262;  IV, 244-301 

Absence  of IV,  366 

Air IV,  250 

"        at  Telegraph  Stations IV,  398 

Audible IV,  272,  273 

Automatic IV,    15 

44    .        Block— Disc  Form— Illustrations IV,  504 

u  u  **     — Semaphore  Form — Illustrations 

iy  5Q2   5Q3 

—Electric  Block  System .' .  .* .' ." .7 .IV,'  280*  281 

Ball IV,252,  254 

Bell  Cord— Rules  Governing IV,  347,  348 

Block IV,  276-301 

44  tt     — Automatic  Electric — Illustrations 

IV,  280, 282-285 

44     System 1,311 

44     — Systemsof IV,276,  277 

44       Care  of IV  433 

Classification  of . . . . ." . ." ." .' ." .' ' ." ." ." ." .".'.. I V,269," 270,' 295-298 

Crossing— Early IV,  254,  255 

44       Danger— Permanent IV,  367 

Defective IV,  270 

Detonating IV.  271-273 

Disc— Early IV,  248.  249 

Diversity  of IV,  256-258,  267 

44       Duties  of  Brakemen  in  Relation  to IV,  417 

Early— Illustrations IV,  245, 247-249, 251-255 

44  "     —at  Telegraph  Stations IV,  249,  250 

44     —Forms  of IV,  244-256 

14  u     —in  England IV,  247-249 
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Slgnais,  Train  Bon  nine  Forward  by  Dm— Illustrations .... 

IV.488.488 

"  "  "  "  "    Night—  Illustrations     . 

IV,  486.  489 

"       Uniformity  of IV,  368-361.  3H4-3H7 

Uw  of-by  Railways IV.  344 

"       Value  of IV.  368.  269 

"       Wbfatla— Rules  Governing IV,S48,  347 

Signaling  Apparatus.  Air— Train— II  lu»  If  of  ions 1,  386.  386 

Fog— in  England IV,  971.  373 

*         Fuocttona  of IV,  276 

Signalmen,  English— Wages  of IV,  463 

Signatures VII,  446 

Authorization  of IX.  438-430 

Officials' VII.  431 

on  Indemnity  Bonds IX.  173,  173 

"  Stamp VI.  126;  IX,  84, 346,  347 

—Use  of VI,  814 

"  Witnessing VII.  444;  IX,844,  393 

Signs,  Maintenance  <>f  Ill,  300 

'      Mesnlnjrof-oo  Time  Table IV,  340 

"      Uniformity  in IV,  303 

*  Use  of— in  Telegraphic  Orders IV,  392 

Silks,  Csrriage  of. V,  619 

Sill  andTleKod     Illustration.   PlaU  II 1,118-117 

"   Corner  Iron— Iltustra don.  Plait  III. 1, 170-171 

"   Deck— lUwtralion,  Plate  II 1.116-117 

"       *     End— ^tttsfrarwn.  Plo«  // 1, 110-117 

"  im-™.i™«~.  |K!!, ::::::;:::::::::::!:KI 

*  Facing  Deck— fllwlrolion,  Plate  II 1, 116-117 

"    Platform— /lltt«t»olton. Plate  //. 1,116-117 

"  "         End  —Illustration,  Plow  //. I,  118-117 

■    Side-/lltt»iro(Mm,  Plate  //. 1,1 16-117 

"    Step—  Illustration  Plate  III     1,170-171 

"   Tie  Roil- Illustration,  Ptole  U 1, 116-117 

"   Timbers I,  209 

"    Window— Inside—  Illustration,  Plate  11.   1,118-117 

—Outside—  Illustration,  PIo(«  //. 1,1 16-117 

Sills,  Car. I.  170 

"      Center—  Illustration,  Plate  III 1. 170-171 

•  Inside  Intermediate—  Illustration, Plate  III I.  170-171 

"      Outside—  Illustration.  Plate  III. 1,170-171 

Intermedlste— /IIuslrorioB,  Plate  III  ...1,170-171 

"      Switch, Ill,  228 

Silver in,  8;  XI.    73 

*  Bullion .* Ill,    18 


Early  Use  of-for  Money XI,  138 


"      Plnte  Wheel— Iltiuttration... 

Sinking  Funds 

"  "        Accounting  (or 

"  "        Particulars  Of 

Six-Pole  Motor 

Size  of  Motor 

-     *  Unlt,inaPowerSt«ion.... 

Skill— Its  Effect  on  Wages 

Skilled  Labor 

"      Workmen 

Skylights 

Slab— Illustration,  Plate  II 

"      Adjusters,  Automatic 

"      of  Brake  Sboes 

Slag  Ballast 

Slate  

Slats,  WlDdow  Blind— lUuatration,  PI 

Slavea  

Sledge,  Origin  o( 

Sleepers,  Longitudinal 

Sleeping  and  High  Class  Passenger  C; 

—Illustration 

"        Car,  American 

*  "    Compartment— Austrian 

"  "    Early 

"  "     Interests,  Development  i 

*  "    Passengers 

"  "    "Pioneer" , 

"    Tiekete 

"        Caw 

"  *     In  England  . 


England  . . 
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Sliding  Rod— Illustrationt'Plate  II. 1, 116-117 

Wheels 1,313,363,379;  IV,  321 

44  tt       Avoidance  of I,  369 

14  u       — Instructions  to  Enginemen I,  321 

Sling  Stay— Illustration,  Plate  1 1, 68-69 

44      Stays I,    97 

*  u    —Illustration I,    98 

u      Dome— Illustration I,    98 

Slip,  Late... I,  266 

44    Switches Ill,  235,  236 

Slopes Ill,  225 

4      Drainage  of Ill,  226 

44      Protectionof Ill,  254 

44      8pringson Ill,  226 

Slothf ulness JI,    22 

Smith,  L.L I,  285 

Smoke  Annoyance I,    70 

*      Arch  Door— Illustration,  Plate  1 1, 58-69 

u  tt    Front—  Illustration  Plate  I I,  58-59 

44       Bell— Illustration,  Plate  II 1, 116-117 

44       Box 1,93,    97 

44         **    Destruction  of — How  Overcome I,    53 

44      Burners I,    70 

44      Flue—  Illustration,,  Plate  II 1, 116-117 

44  a     Base— Illustration,  Plate  II. 1, 116-117 

44      Pipe— Illustration,  Plate  II 1, 116-117 

Smokestack I,    97 

44  Coal  Burner— Evolution  of— Illustration I*    69 

44  Exhausting  Steam  Into I,    69 

Heightof I,    68 

14  Locomotive  Without— Illustration I,  134 

44  Opening— Illustration I,    98 

44  Reduction  of  Heat  in I,    63 

Smokestacks,  Destruction  of I,    38 

Smoking  Car,  American  Buffet— Interior  of— Illustration.. 

*  1,212 

44     Buffet 1,182,196 

44        Compartment  in  an  American  Car— Illustration .  .1,  213 

44       Room I,  200 

44  tt      —  Illustration,  Plate  II 1, 116-117 

44  u      Panels—  Illustration,  Plate  II 1, 116-117 

Snow,  Clearing  Track  of Ill,  285,  289, 301-305 

Fences,  Use  of 111,302-505 

Snowplow I,  56, 57,  109 

Cylindrical I,    56 

Rotary 1,56,    57 

44         Steam— Illustration I,  147 

Snowplows,  Use  of Ill,  302-305 

41  vol  19 
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South  Africa  Government  Mana* 
America-Ita  Primitive  A, 
u  tt  Carriage... 

—Primitive  Carria, 

Southern  £*n^«y^^ 
u        ^"wayA  Steamship  Am 
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pfl  "  Storage  Charm  in  ' 
Comparative  Value  of  Silver* 
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Responsibility  for  Ba^aie'  i n 
a      Status  of  Railways  ji?*1*6  ,n 
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Special  Rates.    (See  also  "Rates,  Special"; V,  121, 122 

44  u        Authority  for . . .  V,  175 

Noticeof V,  122 

Receipts IX,    95 

u       Remittances '. IX,  410 

"       Train— Meaning  of  Term IV,  321 

Specialists I,  286 

44  Among  Car  Manufactories I,  214 

44  in  Railway  Service II,    62 

Specialization  of  Work I,  283 

Specializing  Work 1,286,  286 

Specifications  for  Ties 111,212,  213 

44  of  Cost,  for  Construction Ill,  131 

Speculation,  in  Railway  Construction  and  Operation HI,  134 

44         Railway .1,    34 

Speculators,  Railways  Built  by  .............. ! . ....  .Ill,  171,'  172 

Speed I,  63, 415, 428, 429, 475,  476 

44      Checking— of  Trains 1, 317,  318 

M      Comparison  of— in  England  and  America IV,  103 

44      Control  of— by  Brakes I,  294 

44 —in  a  Locomotive 1,113,  115 

44      Danger  in  Increasing TV,  102 

44      Effect  of— on  Cost X,  161-164, 167-170 

•       u      •*   Suburban  Service IV,  103 

44       tt      "Track X,  167 

44      Governor I,  455 

44      —How  Acquired I,    67 

44      Limitationsof I,  429, 430;  IV,    99 

44      Necessity  of  Increased IV,  104 

44      of  Dynamo I,  407 

u       u  Freight  Trains VI,  10,    11 

44       *  Trains 1,  249 

44       a       **       Tendency  to  Increase 1,310 

44      Relation  of— to  Accidents IV,  125 

44     u  Earnings. IV,  104 

44     u  Track,  Etc IV,  101,  102 

44      Synchronous I»442>  445,  446 

Speeds,  of  Engine  Type  Railway  Generators I,  459 

Variable I,  445 

Spencer XI,    28 

Sperry,H.  W IV,  112 

Spike,  Action  of— on  Tie— Illustration Ill,  321 

44     Track— Illustration Ill,  320 

Spikes 111,197,285,301.330,  331 

44      Effect  of  Passing  Trains  on Ill,  329,  330 

44      Rectangular Ill,  198 

44      Wedge in,  198 

Spiking Ill,  211 

Damage  to  Ties  by 111,213,  214 

Spiral  Spring,  Berth— Illustration,  Plate  II. 1, 116-117 
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Spike, lrame-W^afion;pi(U\ 
u     switches 
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Balanc^Center  Brak^-/ 
R«„,i    /77Lower-'r"«*<mi 

Bearing  ^-'"^ 

Cap  Bohtor^///.^^ 
*       Catch  q/?/,2,."ff  B'"--W««/: 

Draff    y/?Iv'«-7"!«»"-«'/o». 
^™«— Illustration,  Plate   I, 

Equalizing  Bar- Must  ratio) 


44 

44 

14 
14 

u 

44 

U 

44 

tt 

44 

44 

U 


GENERAL  INDEX.  815 

PAGE 

Spring,  Plank— Illustration,  Plate  II 1, 116-117 

tt  *      Bearing— Illustration,  Plate  II 1,116-117 

44  Plate, Truck  Bolster— Illustration,  Plate  III..1, 170-171 

tt        Release— Illustration,  Plate  II 1, 116-117 

44  u      —Center  Brake— Illustration,  Plate  II,  J,  116-117 

tt        Repairs Ill,  239 

44        Seat— Illustration,  Plate  III 1, 170-171 

tt  u    —Bolster— Illustration  Plate  II 1,116-117 

44  tt     Equalizing  Bar— Illustration, Plate  II.... 1, 116-117 

44        Side  Stem— Illustration,  Plate  II 1, 116-117 

44        Spiral— Berth— Illustration.  Plate  II 1,1 16-117 

44        Strap,  Draft— Illustration,  Plate  II 1, 116-117 

Springs 1,  210,  211 

u        — Illustration I,    60 

44        Cost  of Ill,  403 

44        Draw  Bar—  Illustration,  Plate  III 1, 170-171 

44        for  Suspending  Motor I,  470 

44       Locomotive I,  109 

44        on  Slopes Ill,  226 

44       Tests  of T    277 

44        Truck— Illustration,  Plate  III  ...\\\\\! !.'!.'..'. 1, 170-171 

Sprinkler,  Track— A. D.  1851— Illustration Ill,  240 

Spur  Track— Meaning  of  Term IV,  321 

Stack  Base—- Illustration,  Plate  I I,  58-59 

44      Smoke—  Illustration,  Plate  I I,  68-59 

Staff,  Hand  Brake— Illustration,  Plate  III 1, 170-171 

44     System  of  Protecting  Trains IV.  92-94 

4      Train— Meaning  of  Term IV,  315 

Stages,  Days  of I,  148 

Stained  Glass,  Carriage  of. V,  519 

Stakes,  Engineers'— Care  of Ill,  244 

Stamp,  Government Ill,    10 

44       Signatures VI,  126 ;  IX,  84, 346,  347 

Use  of VI,  314 

Stamps,  Adhesive V,  427,  428 

44        Baggage V,  486 

44       Postage— Accounting  for X,  287,  288 

Ticket IX,  122,  123 

44  "    —Rules  Governing  Use  of V,  130 

Stand  Bell— Illustration,  Plate  I. I,  58-59 

44      Nozzle—  Illust ration.  Plate  J. I,  58-59 

«      Pipe— Illustration,  Plate  I. 1, 58-69 

Standard  American  Flat  Cars— Illustra Hon, I,  153 

*  tt         Gondola  Car— Illustration I.  160 

44                 u         Locomotive— Illustration,  Plate  I... 1. 58-69 
44                u         Passenger  and  Sleeping  Car— Illustra- 
tion. Plate  II 1, 116-117 

44         Baggage  and  Buffet  Smoking  Car,  American— Il- 
lustration  I,  211 

a  **       Car,  American— Illustration I,  209 


k. 


44         Freight  Car.  American 

»  u  "        — En< 

ti 
£ 
ft 

«  u  «  u  _ pla 

u 

»  »         «  —Sid 

ti 


«  *  Truc 

8 
1 
ft 

"  "       Cylinder,  Reservoi 

Illustration. .. 
u  Hose  Coupling— Illustratio 
u         Oil  Company 

44  Passenger  Coach,  American 

44  Postal  Car,  American — Ultu 

14  Rail,  A.  D.  1868— Illustratio 

a  a     u    u  187o_ Illustratio 

44  u     u    a  1875 — jnitfr««ra«c 

a  u     u    M  jg79_ niustratio 

44  tt     u    u  1S80— Ulustratic 

tt  u     u    u  1881_  niustratio 

a  tt     u    44  i8g5_J7fu«fra«o 

«  »*     tt    tt  1gs6_  Ulustratic 

u  tt     «    u  1887— Illustratio 

**  u     tt    «  J890— Illustratio 

tt  «     «    44  i897_/ntt«<ra«io 

44  "    of  Belgian  Governmer 

(ion 
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Standard  Track  of  Camden  &  Amboy  Railroad,  A.  D.  1837— 

Illustration 111,216 

tt         Train  Line  Air  Pressure I»  812 

"       Rules , IV,  500 

Staple  Casting  Swing  Hanger— Illustration,  Plate  II. .  .1,  116-117 

*  End  Door— Illustration,  Plate  III 1, 170-171 

44      Iron  Used  as  a  Makeshift  for  a  Frog,  Camden  &  Am- 
boy Railroad—A.  D.  1831— Illustration Ill,  201 

44       Side  Door— Illustration.  Plate  III 1, 170-171 

44       Swing  Hanger— Illustration,  Plate  II 1, 1 16-117 

Starting  Valve 1,    94 

44  u  and  Relief  Cock.  Compound  Cylinder  — Ap- 
plication of — Illustra- 
tion   I,    95 

tt  u         u       u         u      Section  of— Illustration .. I,    94 

State  Laws VIII,  282 

44      Needs  of— How  Met XI,    33 

Statements I,  267 

Fixed— of  Railways X,    62 

44  Passenger V,  172 

Station  Accounts,  Auditing IX,  77-97 

Affairs IX,  124-157 

Agent II,  58;  VI,  13, 14,16,    17 

44  -      Responsibility  of VI,  107 

44       Appliances V,  37-39 

44       Baggagemen V.388-391 

"Station  Buildings  and  Fixtures" VII,  458 

Station,  Division  of— Into  Units I,  435 

44       Employes VI,    18 

Facilities 111,410,  411 

Costof. Ill,    45 

44       Force,  Characteristics  of IV,    12 

44  u      Rules  and  Regulations  Governing II,    14 

44       Function  of  the  Storage  Battery  in  the I,  439 

44        Generators I,  431 

44       Inspectors.  English— Wages  of IV,  452 

44       Ledger  Office,  English VI,  331,  332 

44        Location  of I,  419 

44       Locomotive  Supply— Illustration I,  276 

44        Master,  English II,  208 

44       —Meaning  of  Term IV,  321 

44       Messenger  Boy VI,    14 

Plants I,  437 

Power 1,454,  455 

44            u      — for  the  Alternating  Current— -Direct  Cur- 
rent System I,  487 

44  *      —for  the  Alternating  Current  System I,  488 

*  Records IX,  93-97 

44        Care  of 1 X,  1 52,  1 53 

44  tt       Passenger— English V,  242 

44       Returns,  Passenger— English V,  242-245 
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"Station  Service" .VII,  4S8,  439.  &30,  6il 

Station  Service. I,  2X1 


Signal — Meaning  of  T 

"Station  Supplif" 
Station  Supplie 


IV,  341 

VII. 486, 480,  531 

.C'areof  VII,  184-1*8 

Charging VII.  Sll 

Disbursement  of. VII.  308,  SOU 

Orderefor VII.  IS-: 

Storage  of. VII.  184-188 

Ticket  Records V.ir.n.  M 

Stations,  Accounting  at IX,  330 

"  Announcing  Names  of IV,    Q8 

at  Wtiicli  There  Are  No  Agent*.  Delivering  Bimgsgo 

at VTSffl,   MB 

"        "       "         •»      »    «        ■       Hrimlilim;  Baggage 


Burglarizing ...IX,  133,  183 

Changes  In  Names  of V,  169 

Clerical  Forecast IX,  303 

Collections  at IX,  CB-74 

Credits  at IX.  U5-74 

Disposition  of  Articles  Used  at VII,  398 

Employes  at — Appoint  went  of ,.  ...IX,    26 

Examination  of  Accounts  at IX,  136-138, 140,  141 
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Stationer,  Duties  of VII.  SB.  8(1,  400 

"Stationery  ami  Printing".. ..VII,  479.  484,491,  486,  81*1.518.  628 

"Stationery  ami  Printing  (General  Office*)" VII,  496,  034 

"Stationery  Bonds,  Snares  and  Other  Forms" VII.  466,  468 

Stationery,  Charging VII,  831 

"        Handling VII,   86 

"         Inventorying VII,  346 

Ordering VII,  186 

Orderefor VII,    86 

"         Requisitions  for VII,    86 

Supply  Store VII,    86 

"         Use  of VI.  314 

-     -_ by  Rmployea VII, 137.  138 

"     *     "    Railways VII,  Sll 

Station  muster      (See  "Yard master") 

Statistician,  The X.  16-30 

Statistics. I,  287 

*  Accident IV,  123 

"       Different  Methods  In  Keeping V.'.o.    61 

"       Functions  of X,39.    83 

*  locomotive X,  100-108 

"       Necessity  of— to  Owners .X.    31 

Object  of X.  21-34 

"       — on  What  Baaed X,    60 

Railway X,  21, 39,    36 

—Classified  Schedule  of X. 367-361 

"       Train IV.  62-67 

"        Unnecessary X,    89 

Value  of X.    34 

Statuary.  Transportation  of  V.  618 

Statutory  Laws,  Influence  of — on  Railways IV.      8 

Stay  Bolts 1.76.    87 

"        *    —  /(lustrations,  Plate  1 1, 68-69,    98 

"     Drilling  Out  ami  Replacing I,  348 

"         "     Radial     Illustration,  Plate  I   1,68-69 

"      Rod  Pedestal  -Illustration,  Plate  II. 1, 116-117 

"     Rode I.    76 

"      Sling— Illustration,  Plate  1 1, 68-69 

Stays,  Cross—  Illustration I,    98 

"      Forward  Longitudinal— Illustration I,    88 

"      Rear  Longitudinal— Illustration I,    88 

"      Sling I,    87 

"  -    —  Illustration I,     88 

Steam J,  tSS 

"      Action  of— In  Compound  Cylinder I,    93 

"  -         -IttuMratii/n,, .,]      02 

"       "       "   Cylinder 1,84,    86 

—Illustration I,    83 

"      Admission  of— to  Cylinders I,    81 

"      Ballast  Unloaders. Ill,  368 


*(■  ;(j.'il 


"      '"•■■BrS'iT," *'*<* 

„        '  "MiUjf  ( 'ovt.| 

.     CJIIndrlai.. 

;  S5^ 
:  SKr™*     ■ 

.     *»ij(jrol..... 

..     £nKloe....         

*      Gaum          ^"PWM.V." 
Genoratfod  of'  


,^><  ~m-  *««**UM 


GENERAL  INDEX.  321 

PAOB 

Steam,  Introduction  of— Its  Effect  Upon  Carriage 1,    16 

-      Jacket,  No  Fire  in  Heater— Illustrat ion,  Plate  II,  I, 116-117 

a      Locomotive,  Classes  of  Service  Performed  by I,  607 

14      Objections  to  Use  of I,  298,  299 

44      Outlet,  Jacket— Illustration,  Plate  II 1, 116-117 

44      Pipe— Illustration,  Plate  1 1, 68-69 

44         ■*    Exhaust— Illustration I,  639 

44     Gang 1,286 

44  "to  Pump— Illustration I,  639 

44      Piping 1,241,  242 

44      Pipes I,  286,  286,  309 

44      Plowingby I,  215 

44      Ports— Illustration,  Plate  1 1, 68-69 

44      Pressure *. I,    67 

14  u       American  Locomotive I,    44 

44  u       in  Cvlinder— How  Ascertained 1,88,    89 

44     Primitive  Application  of— to  Engines,  Road  Wagons, 

and  Locomotives XI,  610-620 

44      Primitive  Application  of— to  Engines,  Road  Wagons, 

and  Locomotives— Illustrations XI,  610-620 

44      Pump 1,214,  298 

44      —Quantity  Generated  by  One  Pound  of  Coal I,    71 

44      Shovel  Car— Illustration I,  200 

44  u        tt     Frame  Work  of— Illustration I,  199 

44      Snow  Plow— Illustration I,  147 

44      Successful  Creation  of 1, 20,    21 

44      Superheated I,  104 

44      Supply I,  328 

Required  from  Boiler 1,70,    71 

44      Susceptibility  of— to  Cold I,  298 

44      Trevithick's  Device  for  Making I,    23 

44      Turret— Illustration,  Plate  1 1, 68-69, 

44      Use  of— for  Heating  Cars IV,  15r 

44     a       u  **     inEurope V,  234,  235 

44      Utility  of— Its  Demonstration I,    16 

44      Utilization  of —for  Heating  Purposes I,  204 

44     Value  of— as  a  Motive  Power XI,  610 

44      **  —Its  Discovery I,    17 

44      Valve 1,362,  363 

44  tt    —Illustrations,  Plate  I 1,68-69,  639 

44      Varied  Use  of XI,  613 

44      Whistle I,  111 

44      —  Illustrations I,  111 

Origin  of 1,64-66 

44      Wrecking  Car— Illustration I,  201 

Steamboats,  Effect  of  Introduction  of XI,    98 

Steel  Beams,  Trough  of I,  464 

44     Bogie  Truck— Illustration I,  229 

"     Flat  Car,  American— Illustration , 1, 163 


*  Ties.  Use  of— in  Ti 

u  Tired  Cast- Iron  W 

u         ^      Wheels 

tt  _              "*       Man  i 

u  Truss  Bridge-///!/ 

u  Use  of— by  Raiiwa 


Car  V 

u*        ^,  "",n  Bullclii 

otem,  Center— Ulustratio 


u 
tt 
tt 
tt 
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tt 
tt 
tt 


Cluster— Illu8tratU 

Follower  Center— J 

Graduating— Illust 

of  Three- Way  Cod 

Packing,  Valve— III 

Pin,  Center— Illustt 

Side  Spring— Illust 

Spring,  Center— III, 

Thimble,  Side—  Illu 

Throttle— Illustrati 

Valve— Illustration 

Stems,  Side— Illustration  j 

tt      Valve 

Step  Hanger— Illustration 
u  Brace— Illust 
Headlight— Illustrat 
Iron— Illustration,  I 
Riser,  Platform—//*** 
Sill— Illustration.  PU 
Stephenson  &  Co 

George.....' .V 
27, 3 

i  — Influe 
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Stephenson's  First  Locomotive,  "Blucher,"  1814— Illustration 

I,    26 

44  Fish- Belly  Rail,  Manchester  &  Liverpool  Bail- 
way— A.  D.  1829— Illust  ration Ill,  196 

44  Fork  Valve  Motion  or  Gearing  Attached  to 
Driving  Axles  of  the  Locomotive,  1835 — 
— Illustration I,    48 

*  "Locomotion,"  1825 1,    26 

*  Locomotive  Steam  Brake  for  Driving  Wheels, 

1833— Illustration 1,  299 

"Rocket,"  1830 1,    29 

•        tt  a  u    —illustration I,    29 

"Stevens"  Rail Ill,  200 

*      A.  D.  1854— Illustration Ill,  244 

tt  *      France— A.  D.  1888— Illustration Ill,  308 

44  **      Great  Western  Railway  of  England— A.  D. 

1858— Illustration     Ill,  275 

44  u      Supported  by  Cast-iron  Chair— A.  D.  1837— 

—Illustration Ill,  220 

14  "      Vicksburg  &  Jackson  Railroad— A.  D.  1841— 

Illustration Ill,  227 

41  u      Western  Railway  of  France— A.  D.  1855— IU 

lustration 111,259 

Stevens,  Robert  L Ill,  176 

Stick,  Shunter's 1, 172,  173 

Stiff  Brake  Rigging I,  378 

Stile,  Side  Door— Illustration,  Plate  III 1, 170-171 

tt      Window— Illustration,  Plate  II . .  s 1, 116-117 

Stilling,  Dr IV,  226 

Stock  Book,  Use  of VI I.    81 

44      Books,  Closing Ill,  89-91 

44      Capitol 111,42,80,85-91,  158 

44  u        —  a  Basis  for  Taxation Ill,  446 

44  *        —Form  of  Certificate  of Ill,    87 

tt  u         —Meaning  of  the  Term Ill,    86 

—Voting II,  129 

44      Car,  American  Standard— Illustrat ion I,  192 

44      Classes  of Ill,  88,    89 

44      Common 111,65-69,    88 

44      Debenture III.  42,    95 

44      Dividends  on— Accounting  for X,  179,  180 

44      Duplication  of Ill,    75 

44      Form  of  Transfer  of Ill,    90 

44      Issueof 111,53-58,    76 

44      u  —  inEngland Ill,    73 

44      "       tt  the  United  States Ill,    73 

Laws  Regulating  the  Issuance  of Ill,   78 

Ledger Ill,    89 

Preferred 111,65-69, 

—Rights  of  Holders Ill,   89 


U 


44 


Straight-way  Cock.    ....... 

„      "         "              Plain— iifu* 
Strainer— /Kus/n,  (ion 

*  Air— Illustrations,  j  £j' 
Blow-Off  to  Clean— Ilh 
Signal  Pipe— Illustrate 

**        Water— Illustration,  PI 

Straining  Hod.  Brace  Rod— Rim 

Strap  Bolts— Illustration,  Plate 

Draft  Spring— Iltustratio 

"Strap"  Hails.... .?. 

Stjap  Safety— Axle— Illustratio 
"      —  Brake— Must  rati 

Straps,  Eccentric 

"  "       —Side  View  of- 

"Strappers" 

Street  Car  Horse 

"     Cars,  Current  Taken  by. '. 

m      Railway  Circuits,Electro- 

"        Construction.  Ra 

Motor— Illust  rat 

"        Service,  Effect  ol 

Strength,  Field— How  Limited  ., 

of  Current 

"        "  Motor 

*  "  Organized  Labor  . . 

Stretton,  Clemeut  E 

Strike,  of  Railway  Employee— In 
Strikes 

"       Cause  of 

Effectof '■"' 
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Structures,  Temporary— Cost  of. Ill,  401,  402 

Street  Crossings Ill,  222,  223 

Stromberg,  Charles  J V,    80 

Struggle,  Between  Capital  and  Labor II,    40 

Strut,  Truck  Bolster— Illustra Hon.  Plate  III .1, 170-171 

Stub,  Shake  Lever—  Illustration,  Plate  1 1, 58-59 

Stubs,  Document— Writing VII,  432 

44      Ticket V  171 

Stud— Illustration,  Plate  II.'.Y. !!!".!"  .1,  116-117 

44     Suspension— Illustration,  Plate  I I,  58-59 

Sturrock,  A X,  164 

Subdivision  of  Labor I,  286 

Subordinates,  Action  of II,  117,  118 

Education  of II,  117 

u  Relation  of  the  Qeneral  Manager  to,  II.  155, 156,  162 

*    Offlcersto II,    13 

*  «  — toOfflcers II,    16 

44  Station IX,  348,  349 

44  Trusting II,  202 

Subordination,  Necessity  of II,    18 

Substitutes 11,86,    87 

Suburban  Milk  Car,  American  Standard— Illustration I,  209 

44  Passengers V,  409,  410 

44  Patrons V,  40,    41 

14  Service,  Locomotives  Employed  in 1, 67,  240 

44  u         Requirements  of #..V,  41,    42 

14  Tickets V,    40 

u  Traffic V,  13,  40-43 

44  a      Dangersof V,    41 

Suitable  Car  for 1, 177,  178 

Trains V,41,    42 

Baggage  of V,  409 

Success,  Basis  of II,  223 

Sugar  Cane,  Car  for  Carriage  of— Illustration I,  161 

^         •*      Cars  for  Handling I,  224 

44  tt      Hauling— Railroads  for I,  217 

Suits,  Defense  of II,  137 

44      Prosecution  of II,  1 37 

Summaries,  Errors  in VI,  195 

44          Notices  of  Errors  and  Omissions  in — Rules  Gov- 
erning   VI,  195 

Summary,  Monthly— of  Interline  Way  Bills VI,  239-241 

44   Local  Way  Bills VI,  236 

44  of  Disbursements VII,  525-627 

Superannuation  Funds II,  60;  X,  326 

"Superintendence" VII,  479,485,516,518 

Superintendent II,  63, 277 ;  VI,    18 

44  Assistant  General— Scope  of II,  174,  175 

District— English II,  207 

Division H,  138 

48  vol  1» 


44 

44  tt 


44 


Motive  Power. 

of  tar  Service 
„  "  Cars. 

"  Di.iingCars 
„  "  EarlyTiraes 

„  Motive  Powt 

B  Roadway... 

"  Telegraph . . . 

B  Power  Exercise 

B  Relief  Departmt 

a„™i  *     ..        Transportation , 

Bnpeilntendente,  Division— Relii 

Meetings ot ... 

ofCars 

n  .  "  Motive  Powe 
„  Railway— Amei 

Supermen,  Co.S?"™  °' 

"  Effective ' 

a  Government — Obia 

u  Necessity  of— Over 

_  of  Property 

bupervUors,  Necessity  of— to  S< 

"  Track! !'.""', 

Supervisory  Force,  for  the  Careo 

Supplies,    (bee  also  "Material.") 

u         Amounts  Charged  to. . . 

u        Arrangement  of 

Baggage  Car— Accoun  tii 
'  »  Business  Car— Account! 
.  Caboose  Car— Aoeo until 


44 


44 
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Supplies,  Dining  Car VII,  299-301 

u  w  —Accounting  for VII,  187 

44         *  —  Inventorying VII,  346 

44         Disbursement  of VII,  184 

44  —at  Night VII,  182, 183,  308 

44         Disposition  of— in  Accounts. Vll ,  28,    29 

u        Drawing  Room  Car— Accounting  for VII,  187,  1*8 

Efficient  Handling  of V,123,  124 

44         Expenditures  of  Railways  for VIII.    24 

Facilities  for  Storing VII,  34-37 

Fuel I,  273 

44         Grouping. « I,  246 

Handling  of II,  291;  VII,  28-44 

—English  Practices VII,  104,  105 

Hotel Vn.86,    87 

41         Inferior— Purchase  of Ill,  398 

Inspecting VII,  91-105 

Inventorying VII,  341-348 

Liabilities  for X,    61 

44         List  of— Required  at  Ticket  Offices V,  693 

44     u  •*         by  Conductors V,  593 

44         Locomotive— Accounting  for VII,  154, 187,  188 

44         Machinists— Accounting  for VII,  187,  188 

44        Maintenance  of — by  Agents V,  115 

44        Manufacture  of — by  Railways VII,  275 

Money  Invested  in .  .VII,    26 

Ordering VII,  64-69 

Orders  for— Used  on  Trains VII,    65 

Passenger  Car— Accounting  for VII,  187,  188 

Petty— Accounting  for VII,  269 

44     —Charging VII.  276,  321 

Purchase  and  Care  of — Customs  of  United  States 

Army II,  270 

Purchase  of 

II,  260;  III,  397, 398 ;  VII,  39-41,  45-53;  X,    91 

Purchasing V,  124 

Railway VII,  14,    15 

44       —Charges  for  Transporting VII,  199-206 

Receiving .VII,  91-106 

Reserve VII,    76 

Sale  of II,  192, 260;  VII,  425 

Shipping VII,  180 

Shop— Inventorying VTI  344 

Sleeping  Car— Accounting  for VII,  187  188 

Station— Accounting  for VII,  181, 185, 187,  188 

44      —Care  of VII,184r-188 

44      —Charging VII,  321 

44      —Disbursement  of V1I,30S,  309 

44      — Ordersfor VII,  186 

44      —Storage  of VII,  184-188 


44         Value  of— on  Hand 

*  — What  They  Represent.. . 
tt         Wrecking  Car— Accounting 

SuddIv  and  Demand, Eflect  of— on  R 
Kf  J     u  »       Law  of— How  I 

roads 

"       Department,  Organization  of 
•*       Depots.    (See  also  "Storelioi 

■»  *       Inspectors  of 

u       Pipe — Illustration^  Plate  II . . 
■*       Station,  Locomotive— IUustn 

*  Steam : 

Supports,  Gas-Holder— /Wt*««raeton,  J 

Sureties,  Guaranty 

Surety  Companies •  •  •  •  • 

Surface  Conductors,  for  Collecting  L 

Surfacing 

Surgeon 

17        Dutiesof 

•*        Relation  of —to  the  Compan; 

Surgeons,  Fees  of 

Surgical  Appliances 

Surveys  of  Routes 

Susa. . .  .* ■  ■•  •  ■;  •  •;. 

Suspension  Lamp,  Center— Illustratx 

«  Links 

•         of  Motor ..... 

u  Stud— Illustration,  Plat 

Swann,  John .   

Sweden,  Heating  Cars  in. ... . . .... 

Sweeney  Air  Compressor,  rhe— m* 
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Swltcb,Flying— Mean  log  of  Term  .'..IV,  318 

*      Indicator!,  Automatic  Electric  Block  System IV,  2&5 

"      Instruments  Automatic  Electric  Block  Signals— Mue- 

tration&..IV,  284 
-  -  ■  "  "        8yatem....IV,  284 

"      Main I,  460 

"      Material,  Storage  of VII,  180 

"       — Meanlngof  Term IV,  321 

"      Old-Fashioned— with    "Ball"   CounterwelgbWUIua- 

tration 111,328 

"      Sills Ill,  228 

"       Split— Illustration IU,  340 

"       Stand,  Automatic  Safety— Illustration Ill,  338 

"      The  Interlocking IV,  110-113 

"      The  Split IV,  113,  114 

Switches Ill,  237,238;  I,  233 

"       Automatic IV,    IB 

Care  of IV,  433 

Closed— Meaning  of  Terra IV,  317 

"         Conductors  Responsible  for IV,  359 

"        Derailing Ill,  237,  238 

"         Duties  of  Conductors  in  Relation  to IV,  404 

"        Flying— Making IV,  380 

"        for  Changing  Motor  Connections 1,484 

"  Resistance 1,484 

14        In  Colliery  Railroads,  England,  A.  D.  1825    Itlus. 

tration Ill,  194 

Interlocking-Use  of,  In  England VIII,  323 

"        on  Outside  of  Curves II  I,  237 

"        Open— Meaning  of  Term IV,  319 

Opening IV.  359 

"        Shipping VII,  191 

Slip Ill,  235,  236 

Three-Way  Split 111,233,  234 

"        Trains  Approaching IV,  365-367 

Switchboard,  Connections  Between  Dynamo  and  Feeders  In 

—Illustration 1,461 

"  Metropolitan  Elevated  Railway,  Chicago — Illus. 

tration I,  516 

Railway    Station— for  Three  Generators  and 

Eight  Feeders—  Illustration I,  460 

"  The 1,460,  461 

Switching IV,  362-364 

u  Switching  Charges  Balance" VII.  490,  521 

Switching,  Charges  for VI,  253-265;  IX,  61 

"  Duties  of  Conductors  in  Relation  to IV,  414,  416 

"  Engines,  Description  of I,    66 

"  —Meaning  of  Term IV,  322 

Order  for VI,  255-258 

Receipt  for  Charges  for VI,  2"  "n 
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Systems,  Electrical— Comparison  of I,  460-453 

44  u  for  Railway  Service I,  430-453 

"  *        -Variety  of. 1,413 

cf  Checking  Baggage V,  53-58 

Underground— for  Collecting  Current I,  466 

Systematic  Co-Operation I,  284 

Systemization,  Necessity  of II,  21,    22 

M  of  Shops  and  Shop  Work 1,288 


Table,  Drop I,  261 

tt      Hook  Plate— Illustration,  Plate  II 1, 116-117 

u      Time IV.71-75 

tt    —Meaning  of  Term IV,  322 

*  tt    —Rules  Governing IV,338-340 

Tables,  Transfer I,  264,  272 

Tablets,  Clay— of  Babylon XI,  129 

Tact,  Value  of .11,    17 

Tag,  Defect I,  325 

Tail  Boat— Illustration,  Plate  II 1, 116-117 

44    Lamp— Illustration,  Plate  II. 1, 116-117 

44    Piece  of  Frame— Illustration,  Plate  I. 1, 58-59 

Talent,  Administrative— of  Builders I,  126 

*  Diversity  of II,    63 

14      Needed  for  Corporate  Service II,  156 

*  Versatility  of II,  134 

Talents,  Men's I,  136 

Tallow,  Charges  Collected  for VII,  421, 422 ;  IX,  426 

44       Charging VII,  320,  321 

44       Record  of VII,  320,  321 

Tally  Book VI,  127 

44    —Rules  Governing. VI,  128 

Tamarack  Ties Ill,  350 

Tamping. . .  /. Ill,  216,  217,  254 

Tank,  Air— Illustration,  Plate  II 1, 116-117 

44     Approach  to — Illustration I,  106 

44     Engine 1,  106 

rt     —Means  of  Filling  with  Water I,  106 

44  a     —Mineral— Scotland— Illustration I,  123 

44     Filler,  Water— Illustration,  Plate  II. 1, 116-1 17 

44     Lye I,  261 

44     Shop 1,261 

44     Tender— Construction  of I,  107 

44     Track I,  106 

44     Water I,  246 

44         "      —  Illustrations,  Plate  II 1, 116-117,  280 

44         tt      —Approach  to  Tank— Illustrations I,  106 

Tanks,  Oil 1,101,  245 

44      Water— Repair  of  Locomotive I,  251 

Taps 1,262 
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44       Printing ....".'.'..". 

"       Promulgation  of .".". 

"       Rules  Governing  Use  of . . . 
„  "      Regulating— in  the  U 

Study  of — by  Agents 

Tarpaul  in 

Tarpaulins,  Use  of— in  Great  Brita 

Tax  Bureau 

Taxes...; .7.7.77" 

••Taxes"  Account .77".", 

Taxes,  Accounting  for 

"      Disbursements  for .77*  .* 

"     Expenditures  of  Railways  f  o 

Payment  of— by  Lessees 

Rates  Likened  to 

Taxation,  Committee  of  Railroad  C< 
44         Differences  in  Systems  of 

u         Railway—  Basis  of 

u  "      —Discrimination 

*      —in  Alabama 

44  Belgium 
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Tee  Fitting— Illustration,  PUte  II 1, 1 19-117 

Telegrams VI.  314 

"Telegraph" VII,  466 

Telegraph— Block  System IV,  378 

-  Dispatching  Trains  by— Forms  Used IV,  466-178 

"  —Duplicate  Order  System IV,  83,    84 

"Telegraph  Expenses" VII,  488,  620 

Telegraph  Expenses,  Apportionment  of VII.  600,  610 

A  Movement  of  Trains  by IV,  291,  392,  383-100 

■'-Meanlngof  Term. ..IV,  318 

"  Operators,  Examination  of I V,  329 

"  "  Rales  Governing IV,  435-439 

"  Poles Ill,  364 

"      Painting IV,  361 

"  Postal—  English V.  245.  248 


"  Superintendent  of. II,  138 

—Triplicate  Order  System IV,  83,    84 

Useof-tn  Great  Rrltaln IV.  87,    88 

"  "     "       "  Moving  Tralus ..IV.  78,  83-93 

Telegraphic  Apparatus I,  401 

Telephone  System,  Shop 1,  379 

Telephones,  Introduction  of .....I,  379 

Telescoping,  Devices  Preventing 1,  198 

of  Care 1,179 

Temporary  Expenditures .-.VII,  636 

Temporizing II,    18 

Tenacity  of  Brake  Shoe I,  301 

Tender,  Air  Brake  Apparatus  on I,  315 

"       Brake I,  881 

"  "      Adjustment  of 1,329 

Construction  of  Tank  on I.  107 

Device  for  Filling  When  Train  It  In  Motion  ..1,108,  107 
"         Front  View  of,  with  Scoop  in  Track  Tank— Illustra- 
tion   I,  108 

"       Locomotive 1,101,106,  198 

Quantity  of  Water  and  Fuel  Carried  in 1,106 

"       Rear  View  of — Illustration I,  108 

"        Section  of— Showing  WaterScoop  in  Track  Tank— 

Illustration I,  106 

Side  View  of  (with  Water  Scoop  Dropped)— Illus- 
tration   I,  106 

"        Steam  Brake  for— 1832— Illustration , I,  398 

Tennessee,  Railway  Taxation  in Ill,  449 

Tension  Rod I,  914 

Ten-Wheeled  Locomotive, Breda,  Milan— Illustration I,  183 

Terminal  Charges 111,403,  409 
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Three-Way  Cock..... 1,M7 

-    —UluxirHU:,,*,  I'tnU-U .1,116-117,348 

"     Steniof—  Illustration,  Plate  II 1,116-117 

*  Split  Switches 111.933,334 

Three-Wlre  System 1,437,  438 

"  «       —Illustration I,  433 

Threshold  P]ate-/««*<r.i/iu«,  Plate  H 1,116-117 

14  u      End  Door—  Illustration,  Plate  III 1, 170-171 

"      Side  Door— Jlluafru/iim,  Ptols/Ji... .J,  170-171 

Throttle * I,   83 

—Illustration I,    63 

"  AUPum].— I UttMtration,  Piatt  1 1,08-69 

"  Bell  Ownk— Mkntrmtto*,  Plate  I 1,68-69 

"*         Injection—  Must  rat  ton,  Plate  1 1,68-69 

»         Lever— IllunirationH,  Plate  1 1,68-69,    64 

Pipe— Illustration,  Plate  I ....1,68-69 

"         Rieginir I,  386 

8uun-III«»tr>:ti»n.  pl„ie  I 1,68-69 

"         Valve—  Illustration,  Plate  1 1,68-69 

Through  Passenger  Servk'n,  r,e  of  Eiectrklty  for 1,609-613 

"  Plato  CJirder  Bridge— Illustration Ill,  376 

Traffic V,    13 

"         Train— Me.iuiiitf  of  Term IV,  333 

Tbucydldes..  XI,    38 

Thumb  Latch  Shade— Illustration,  Plate  II, 1,116-117 

Ticket  Accountants II,  348 

Accounts -V, 76;  IX,  108,  109 

"  »  Bureau  of V,    17 

"  "  Communications  Referring  to V,  176 

"  "  Handling— in  America V,    81 

"       Auditor II,  139;  V,v,  81;  X,    67 

Duties  of 11,368 

-  Auditor's  Office X,  131 

"       Auditors,  Relief  Vouchors  Made  by IX,  373 

"       Cases IX,  190,  191 

"      English V.340 

"      Rules  Governing  Use  of V,  138,  139 

"       Chart,  Interline V,  136-138 

"       Collections,  Conductors' X,  133,  134 

"       Collectors V,16,17,    83 

-  Commissions V,49,    60 

"       Coupons V,  176 

"       Inspectors V,    83 

"        Invoices IX,  133 

"  "   Offices,  Examination  of— by  Traveling  Auditors,  IX,  lie 

*  "        List  of  Supplies  Required  at V,  693 

•  Punches V,  198, 199,  303 

"  Receivers V,    17 

"  RecordBooks    X,  138 

"  Records,  Station V,  169,  160 
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Tickets,  O«pon V,88,  103 

•      —Local V,    90 

"       Costodtsoot V,    81 

"       Dealiog  lo-by-  Employes IX.  391 

"       Destruction  ot-by  Fire IX,  343 

*  Pevlreafor  Improvlog V,  101,  103 

"        Implicate— Preventing  I'se  of IX,  117 

*  I. vim  1, mi. .11  ..I- -in  Hie  Ao-.-ounliog Office.. IX,  103,  109 

"       Excess  Baggage V,  609 

■»  ..         T       — Ufwol V,  471-477 

■  Exchanged  for  Tbose  of  Other  Lines V,  170 

Excursion V.93,99,  107-111 

"  "        —English ....V.1S9 

Fair V,  93,  107 

"       Foreign V,  88,  103 

"  "       Coupon V,    88 

Fuel VU.334.  335 

"       Good1  for  More  Than  One  Trip— Auditing X,  136 

Halt  Fare V,  133 

"  "      "     Excursion  and  Miscellaneous—  Auditing 

X.136,  136 

■  Harvest V,  93,  107 

"       Home X.  137 

"  "       Coupon V,    88 

Honoring V,  303-310 

Improper  Use  of V,  174,  176 

"       Improvements  In V,    78 

Iuterllne V,  78,88,  91,  103-107,  110,  111 

"  "        —Acconn ting  for V,    86 

"  "       —Auditing X,  131-133 

*  "       —"Complete" V,  106,  137 

"       —Foreign X,  137 

— Local X,  137 

"  "        —"Paster'  am)  "Extension" V.  106,  137 

—Selling V,  136-138 

"       Inventorying IX,  391 

"       Invoices  of II,  368 

"        Invoicing V,83,  137,  138,  169 

Kinds  of—Used  in  America V,  88-111 

"       Land V.  93,  107 

"       Limitation  of V,  90.  91 ;  IX,  117,  118 

Limited V,  90,133,  134,  304 

Limiting  Lite  of X,    67 

"       Loaded  car— Rules  Governing 

VI,  139,  138,  173,  174,  176-178 

"  "  —  Useof IX.    61 

"       Local V.91,  99-109.  110 

"  "     Card— Anditing X,  134,  136 

Lost  or  Stolen V.  129,  162 

"        Manufacture  of V.  71.    76 


(0  GENERAL  INDEX. 

Ickets.Mileage V,  78,  93,  93,  97-09 

Coupon V,  471,  474,  475,  490 

"  "       —Rules  Governing V,  207-310 

Milk V,  530;  VI,  347,  348 

"    -Auditing X,  119 

*  "    —Record  of  Sales  of VI,  349,  351 

MtM-pllaneouB V,  111 

"        Missing IX,  181 

"         Money  Coupon— Excm  Baggsga 

V,  471, 473, 476, 477,  495  I 

"       Numbering V,  83,    93 

"        Obtaining— Before  Entering  Cars V,    83 

Omnibus V,  205 

Orders  ol  Agents  to  Deliver V,  146-150 

Packing V,  127 

Panel— Use  of V,  471-477 

"       Parlor  Car V,    95 

Passage 11,265,256;  V,88;  IX,  108-133 

"  "       —English V,  337-240 

—Evolution  of V,  71-78 

"  "       — Importance  of. V,    75 

"        —Origin  of V,  66-70 

*  "        —  Preparation  of II.  257 

"lyfltemizntion  of V,  79-87 
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Tickets,  Stolen— Notice  of IX,*335 

Stop-Over V,  313-210 

*  "       —Conductors' i X,  137,  128 

Storage V,  608 

"       Stubs  of V,  171 

"        Suburban V,    40 

Supply  to  Be  Kept V,  119 

"       —The  First  Used  by  Railways V,    67 

Time IX,  380-390 

"     —Agreement on VII,  399;  ]X,383,  384 

"  •     — Alterations  on IX,  386 

"      —Cancellation  of VII,  413;  IX,  397,  398 

*  "      —  Indorsements  on VII,  407,  444-446 

*  "     —Indorsing IX,  346, 393,  394,  396 

"  "     —Issuing VII,  398-405 

"  "     —Lost VII,  409;  IX,  306 

"  "     —Numbering IX,  385 

"  "     —Payment  by VII,  397,  398 

■  "  "of VII,  406-410;  IX,  390-397 

"  "  "  "by  Agents IX,  180 

"  "     —Remitting IX,  425 

*  "     — Requests  for VII, 405, 406;  IX,  390 

"  "      — Requisition!  for : VII,  400 

"  "     —Signing IX,  885 

"  "     — Trafflcin IX,  399 

"       Tourist V,»3,  107 

»  "     —  English V,  239 

"       Trafficking  In— by  Employes V,  176 

Unlimited. V,    90 

Unsold V,  136,  136 

"        Unused— Redemption  of V,  171 

Use  of V,  89 

"  "      "  —Beyond  Their  Destination V,  213 

Void X,  133 

Writing  od V.I33,  134 

Tie,  Action  of  Rail  on— Illustration. 111,321 

"  Spike  on— Illustration Ill,  321 

"   Bar— Illustration  Plate  III I,  1T0-171 

"  Cross— Split  Half  Log— Illustration Ill,  213 

"  "     Quarter Xog—  Illustration 111,312 

"       "     — Wbole  Log,  Hewn  Both  Sides— III ustra tion.  .HI,  214 

"  Frame — Illustrations 1, 64,    98 

"  Metal— Midland  Railway  of  India,  A.  D.  1889— fltae* 

tration 111,311 

"  Plates Ill,  213 

"    Use  of. 111,332,333,352,373-374 

"  Rod,  Carline— Illustration.  Plate  III 1, 170-171 

•       "      End  Plate— Illustration,  Plate  III 1, 170-171 

»       «■       »      gin— Illustration,  Plate  II 1,116-117 

"       "      Platform— Illustration,  Plate  II 1, 116-117 
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Tic  Ko<U,  Rafetv  Knm-W<»itration.  Plate  II 1, 116-117 

"       "     SM- H*"" '"<'''»>'.  Plate  II 1,116-117 

'■   Steel— I.oiiilcii  A  Northwestern  Railway,  A.  D.  1886— 

Iltuatratinn II],  304 

•  Timber,  Cross     Ilbttirniion,  Piatt  II. .1,  116-117 

Ties 11,269;  111,268,  966;  VII,  466 

AcLOiiutliiK  tor VII,  287 

"     HuU  f..r    VII.  37,    88 

•  Kumettftfil 111.359.  360 

"    Cause  of  »'rar  of. Ill,  333 

"    Cwlar 111.360 

"     Chestnut 111,360 

-  C...t  of ...Ill,  2H0,  283 

u     "  K.T|.ii.K  In  Or.ler 111,422.  423 

"     "  Preserving 111.361-363 

-  CT<um 111,179,  202 

"     ('union  of-    t  a  Rills 111,332 

"    CvrresB 111,360 

"     n'p.uauo  to— bv  S|ilkinK 111.213,214 

"     IietiTirtraliiMi  ul l 111,280-283 

"     Duration  of Ill,  281-283,334.350,  365 

"    KitWiof  Ra)Hu>ton 111,280-282 

PiuMing  Traltiaoo  111,329 

Tralllc  on  111.282 

"     llemlm-h     111,360 

-  [iif.ru.r-i *eot  Ill,  400 

•  I 'rtitiR   VTl,2."fi-289 
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Ties,  Metal— Use  of  in  Holland Ill,  377 

«     a  44  Hungry 111,378,379 

u     u  u  Ita]y 111,379 

*  ""Portugal 111,379 

tt     u  tt  Spain 111,379 

*  u  u  Switzerland 111,379 

tt    Number  of— Per  Mile  of  Track Ill,  350 

**    Oak IH  350 

"  Old-^ChaVges  Collected  for'..' !^\7^\\\\\viYf  4M;"lxJ  426 

44    Payment  for VII,  287 

44    Piling. Ill,  371 

44    Pine 111,350 

44    Purchase  of VII,  52, 84, 286, 288,  289 

44    RailsRiveted  to I,  219 

44    Receiving VII,286-289 

Bed  wood! Ill ,  350 

Relative  Deterioration  of Ill,  282 

Renewing Ill,  239,  240 

44    Requisitions  for VII,    83 

44    Return  of  Inspection  of VII,  287 

44    Seasoning 111,371,372 

44    Shipping VII,  191 

44    SoftWood IIL333 

«       **      — Costof 111,401 

44    Specifications  for 111,212,213 

44    Steel— Use  of,  in  Tropical  Countries Ill,  365,  366 

44    8torageof VII,  190 

44    Tamarack 111,350 

44    Treatment  of— in  France 111,855,  356 

44    WhiteOak Ill,  281 

44    Wooden 111,180,  202 

44         a       —Increasing  Cost  of Ill,  138 

44    Worn-Out II  1, 400,  401 

Tiglath  Pileser XI,  103 

Timber II,  269 

44      Brace,  Floor—  Illustration,  Plate  II.., 1, 116-117 

**      Causes  of  Decay  of Ill,  356 

44      Cross-Tie— Illustration,  Plate  II 1, 116-117 

44      Draft I,  209 

44      Drawbar— Illustration,  Plate  II 1, 116-117 

44      Inspectors  of Ill,  259;  VII,    94 

44      Requisitions  for VII,    83 

44      Sill I,  209 

44      Storing VII,  294 

**      Transportation  of— in  England I,  172 

44      Truck 1,332 

44         •*      —Tracks  for  Handling  on  Push  Cars I,  275 

Time  Book,  Engineers'  and  Firemen's VII,  366, 376-379 

44      General VII,  372,  373 

44      Books VII,  357, 364, 365, 368-372 
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e  BooVa,  Ortifkatlon  of Til,  371 

Cards V,  lit 

Chart IV,  71-76 

Checks .VII,  SOI-363 

Clerks X,    67 

Distribution  of   VII,  369 

Keening— of  Men I,  366-867;  II,  291 

[,,><-kn,  1/se  of X,  271 

Lost— Meaning  of  Term IV,  318 

Making— Meaning  of  Term IV,  319 

I  n— bv  Trains .....IV,  82,376 

— Meaning  "f  Term IV,  353 

Standard— Knlcs  Governing ...IV,  335-333 

TaMc IV,  71-76 

"     (hart— Form  of IV,  606 

■     Form  of IV,  606 

"     —  Moaning  of  Term IV,  323 

"      — KiiIor  Governing. IV,  338-340 

Tallies— Kngllsh IV,  78,    79 

Taking— of  Kmployeu VII,  860-368 

Tu-U.-r  Piiv  Sheets IX,  387 

Tickets  IX    380—390 

"        AgrameDVon'.V.V.V."V".VU'/8W;'lXt8BS,S8l 

Alterations  on IX,  386 

Came llation  of VII, 4 13;  IX.397,  398 

Indorsements  on VII,  407, 444-446 

Indorsing IX,  346, 393, 384,  396 

suing VII,  398-405 
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Tips,  Burner— Illustration,  Plats  II 1, 116-117 

44     Effect  of V,  391-395 

Tire,  Driving  Wheel— Illustrations,  Plate  I I,  58-69,    67 

44     Engine  Truck— Illustration,  Plate  1 1, 58-59 

Tires,  Inspection  of I,  278 

Tiryns XI,    89 

Titles II,  vii 

44       Definition  of II,  141, 142;  VII,  249-251 

44       Railway IX,  307 

44       Significance  of VII,  249-251 

44       Use  of 11,307 

•  Used  in  America 11,307 

44     "England 11,307 

Toggle  Join t 1 ,  297 

Toilet  Booms 1,184,  185 

Tolls 11,43;  VI,     5 

44     Rates  Compared  to VIII,    60 

"Tom  Thumb"  Locomotive,  1829,  Built  by  Peter  Cooper— 
The  First  Engine  to  Draw  a  Car  on  the  American  Conti- 
nent—Illustration I,    27 

Tonnage  Rating,  Experiments  with I,  165 

Tool  Cars I,  379 

Tools 1, 136, 243, 259, 260, 265,  275 

tt      Accounting  for VII,149,  150 

•  Acquisition  of VII,  145-161 

44      Care  of VII,  259, 261,  297,  298 

44     Construction VII,  107 

44      Custody  of VII,  145-161 

44      Disbursement  of VII,  160, 155, 156,  298 

44     Discussion  of  Questions  Regarding 1, 289,  290 
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44      Orders  for VII,  152,  311 

44     Preservation  of VII,  145-161 
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*  «  «  —How  Increased Ill,  369 

44      Employes,  Rules  Governing Ill,  260-271 

u      Expenses,  Chargeable  to  Traffic Ill,  286-292 
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44      Fixtures,  Shippiug VII,  191 

44      Force,  Rules  and  Regulations  Governing II,    14 

44      Foremen in,  310,  311 
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Traffic  Manager, Duties  of , II,  237-241 
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Train,  Origin  of  the Ill,  176 

*  Part  Air— Releasing  When  Moving I,  367 

u      Parted— Instructions  to  Engineers I,  368 

44      Phraseology IV,  314-324 

•*      Pipe 1,307-310,315,820,329,330,  379 
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44  u    —Illustrations,  i  Plate  III 1, 170-171 

I j  539-541 
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Trainmen,  Duties  of IV,  14, 400,  401 ;  IX,  120 
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Reports  of IX,  277-283,  2K7.  288 

"         Cranes.... 1,253,266.267,360,301.264 

Freight  Agent II,  136 

"        Inspectors,  Eoglisb II,  207 

Night I,  180,  191 

"        Passenger  Agent 11.  138 

Tray,  Drip—  Illustration,  Plate  II 1, 110-117 

Tread  Board— /{lustration,  Plate  II 1,116-117 

"      Wheel 1,301,806 

"      — Klustrotion,  Plate  III 1, 170-171 

Treasurer 11,63,131,138.  287 

"         Conservatism  of..  11,  194 

Drafts  Drawn  on X,  272-276 

"  Duties  of II,  189-197;  X,  267-290 

*  —Meaning  of  Title II,  141 

Power  of II,  193 

Routine  Work  of 1 1.  189 

"         Staff  of X,  269 

Title  of VII,  349;  X,  368.  269 

Treasury,  Auditor  of  the II.  292 

"        Department.  Conduct  of II,  168 

"        Reconveytng  Honey  Into  the X,  888 

"        Secretary  ofthe 11,363,  393 

Treenails Ill,  167 

Trees,  Protection  of  Track  by 1U,  803 

44  vvl  it 
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TrPspa=opr8  Til,  867;  IV,  188,  ISO 

Tn-|i:i"i.ij;.  in  Great  Britain IV,  446 

Irene* HI,  139 

Trevitlik*  1, 16,43,68;  HI,  1SS 

Invention  of XI,  611 

"         Result  ot  Discoveries  by I,    18 

Trevttl.ik.k.'I.CLO.uolivB.  1803 1,20,81,    41 

"    —Illustration J,    80 

Trilie.  Hollslonof XI,    41 

I'nil   of XI.    87 

Trit'i'-'.  Intercourse  Betueeo XI,    71 

Tninmlnji   111,308,  90S 

TrloiiiiltiK*.  Holler I,  3SS 

<  'at. 1,286 

K.iKlne I,  386 

Trip]?  Valve I.  307,  308. 320. 3 24,  336,  038 

ni„*irntinnj,    Jfto'e"  1,116-117 

-'        ' rat,on*<  j  Plate  III 1,  170-171 

"      Blow,  stopploR I.  374,  375 

"  "      Icciwing— lost  ructions  to  Trainmen I..374,  376 

"       IMe.ilvo I.  371 

"       Un.iuitigthe 1,389,  330 

Kiliauet 1,  837 

r  Driver  Drakes— ItlaiHralton I,  639 
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trolley  Wire,  Nantasket  Road— IlluBtratto* I,  493 

Wires.  I,  488 

"  "     Pressure  Between I,  437 

Trolleys 1,260,  376 

Trougb.ofSteelBeama. I,  464 

Troy,  Siege  of XI,    88 

Truck,  American  Bogle-Side  View  of-/Ht»(rot«m I,    66 

"  "  Locomotive—  Sid*  View  <if—  Illustration.].    68 

*  "         Standard  freight  Uar— /'<««*  ™'i"u»,    Plate 

III. 1, 170-171 

"  *  "  ■  ■  —Plan   of  —  Illustra. 

lion. I,  180 

"  "  *  ■  "  —Section  Snowing 

Body  and  Truck 
Bolsters  —  JIlu*- 

tratto* .1,17* 

"      Axle  Collar— Illustration I,    66 

"      Baltimore  &  Ohio  Railroad— Illustration I,  613 

"      Bogie ID,  146,  149 

a  —  Advantage*  of. III.  114 

-    bom.,-™...™,*,,,.,  ({** ;;;;;;;;;;;;;::::{;  }&!!! 

"  u        Chafing  Plate— TOMtraMM,  Plate  II.. .  .1, 116-117 

"  "  Center  Plate  —  Iliu»tn\tiun.  I'tnte  III 1,170-171 

Plale  —Illus tra lion,  Plate  III 1, 170-171 

"  "       Side  Baarinjr— Ithabttttoft,  Piatt  in... 1, 170-171 

"  "       Spring  rtajfp     niMifrntiYtn.  Plate  III  ...1,170-171 

"  "        Strut—  II  lustra lion,  Plate  III .1, 170-171 

*  "        Transom  Bars—  lUusUutivn,  I'hiic  III.. 1, 170-171 

"      Bolsters I,  313 

"       Brake—  Illustration,  Plate  I I,  68-69 

"  "      LeYeT~llli"<i nrii. >n.  Plait  II 1, 116-117 

"       Center  Casting— Z!ii(**r«(ion,  Plate  I I,  68-69 

"  "        Pin— Illustration I,     66 

"  "       Plate—  Illustration,  Piatt.  II. 1,116-llT 

"       Column— Illustration,  Plate  III 1, 170-171 

*  "        Guide— Ilhmt  rat  ion,  Plale  III 1, 170-171 

"       Engine— Must  ration,  Plate  I, 1,  Gg_50 

*  for  Electric  Locomotive — Illustration I,  613 

"  "  Motor  Curs  of  Suburban  Railroads — Illustration,!,  4G8 

"      frame— Illustration I,    60 

"  End  Piece  of— Illustration,  Plate  II. 1,116-117 

"  Gear  Con  nee  ting  Rod  Uy—llliislrtition.Platc  II,l,U9-m 

"      Lever,  Dead— Illustration.  Plate.  II. 1, 116-117 

"       Fulcrum— JH  us  tra  lion,  Plate  II 1,116-117 

"  "       T,\ve— Illustration,  Plate  II 1, 110-117 

**      Levers,  Dead 1, 829,  831 

"  "       Live ; 1,833 

Logging— American— Illustration 1, 164 

*  of  Electric  Motor  Cars I,  466 


Trucki  "       Geared  <o Ai 

H       Car— Axleaof  .'.' 

-Den™  for  uha,y,|  ™  ™ 

:  EDghie".Ke,.snj  vi«  ^ 

"        Handling-    

„       Number  o[  BrakeV  Used  o 

Trun,petKera0Vrng *. 

Trunks  and  Their  Owners 

„      Rod  An<-ll0r  Inn-lltutnt 
„        H      Body— Illustration  Ph 

Hog  Chain  or  Overhang 

"       T     JonKitudinal— ' ithutrai 

•     Seat,  Transom— /Hm/Co 

'        "      Tvra1*om,-/»'«"-<.^0n, 

"      Bods  WESher'ira"wm-JHw 

Trusses,  Hoof .'. 

Trustees,  Mortgage  .'...'. 

Henmneratt'on'of 

Tut*  hi.  J?"^*  F"1"1 .'. 
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Tumbling  Shafts 1,286 

Tunis — 1U  Primitive  Associations  and  Means  of  Carriage.. . . 

XI,  334-341 

"      Primitive  Carriage  in— Illustrations XI,  334-341 

Tunnel,  Baltimore  A  Ohio  Railroad— Use  of  Electricity  in . . 

I,  464,  496-498 

"Tunnels" VII,  467 

Tunnels,  Construction  of— in  America Ill,  188,  189 

*  Drainage  of 111,226,  227 

u       Effect  of— on  Cost  of  Operation Ill,  394 

"       Trains  Entering IV,  376,  377 

Ventilation  of Ill,  188,  189 

Turkestan Ill,    20 

Portable  Railroads  in I,  223 

Turkey— Its  Primitive  Associations  and  Means  of  Carriage 

XI,  316-327 

*      —Primitive  Carriage  in— Illustrations XI,  316-327 

Turkish  Box  Car— Illustration I,  182 

Turn  a  Switch— Meaning  of  Term IV,  322 

"    Baou»-iihu,trations,  j  ™£  #/; ;;;;;;;;;;;; ; ; J;  g  £gj 

u  tt       Block— Illustration,  Plate  III I  170-171 

H     Buckles 1,332 

Turner XI,    28 

Turning,  Tools  for I,  243 

Turnout  Frog— Illustration Ill,  366 

Turnouts   I,  223;  III,  229-232 

*  on  Curves 111,234 

Turntable— Illustration Ill,  370 

Turntables I,  173,  238,  246,  275 

Turret,  Steam— Illustration,  Plate  I I,  58-59 

Twin  Goods  Engine,  NeilsonV- Scotland— Illustration..  ..I,  125 
Two-Phase  Alternating  Current  Generator  (650  Kilowatt) 

—Illustration I,  600 

"  Sy stem I,  425 

Tyndall Ill,  356 

Tyre XI,  123,  132 

'     8iegeof XI,  124 


Ulysses .XI,  83,  91, 100,  152 

Unclaimed  Baggage .V,  441,  442 

Disposition  of V,  342-346 

u  Freight V,  344,  346 

Uncoupling  and  Coupling— Instructions  to  Trainmen I,  370 

tt  Drawbars I,  370 

u  Lever— Illustration.  Plate  II. 1, 116-117 

tt  Rod— Illustration.  Plate  II. 1, 116-117 

u  8baft— Illustration,  Plate  II.. 1, 116-117 

Undercharges,  Freight— Detection  of •...,..  .IX,  58.    59 
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United  States,  Express  Service  in V,  637-551 

44  M      First  Locomotive  Put  in  Operation  in  the. .  .1,    28 

44      Freight  Cars  in I,  121 

tt  Trafflcof VI,  8-11 

Gauge  Used  in Ill,  194 

Government  Control  of  Railways  in HI,    46 

of— On  What  Based II,    44 

Interline  Excess  Baggage  Traffic  in V,  487,  488 

M           u      — Its  Primitive  Associations  and  Means  of  Car- 
riage  XI,  379-403 

u  *      National  Museum Ill,  175 

*  u      Necessities  of  Transportation  in I,    44 

u  u      Ownership  of  Property  in XI,    45 

44  a      Passenger  Rates  in V,    25 

u           "      Primitive  Carriage  in— Illustrations. .  .XI,  379-403 
44  u      Railway  Construction  in 1, 30 ;  III,  129 

Improvements  in X,    11 

M  u  w       Management  in HI,    57 

Operationsin II,    72 

14  Servicein 1,249 

u  Taxationin 111,435  453 

M  u      Rates  Exacted  of  Express  Companies  in V,  521 

u  u      Reduction  of  Railway  Rates  in — Its  Cause .... 

VI,  26, 37-41 

tt  u      Relief  Departments  in X,  293-325 

14  u      Responsibility  for  Baggage  in V.  308,  309 

44      Rules  Regulating  Tariffs  in VI,  43-48 

M  u      Superannuation  Funds  in II,    60 

u  *      Threatened  Dangers  to XI,    46 

44      Transferring  Baggage  in V,  332 

u  **      Use  of  the  Cowcatcher,  or  Pilot,  in I,    56 

Unity,  Necessity  of II,  117 

Universities,  Railway— Establishment  of II,  222 

Unloading,  Charges  for IX,    61 

Unpaid  Freight  Charges VI,  162 

Unselfishness  of  Officers  and  Employes— Its  Value II,    63 

Unskilled  Labor I,  270 

44         Laborers I,  264 

Upheavals,  Labor— Their  Effect II,    40 

44  u      Remedy 11,38,    39 

Upholstering,  Facilities  for I,  274 

Upholstery,  Cleaning I,  269 

Room 1,274 

Shops,  Material  at VII,  309 

Upper  Balance  Spring— Illustration.  Plate  II 1, 116-117 

*  Berth,  Down— Illustration.  Plate  II 1, 116-117 

u       Up— Illustration,  Plate  II. 1, 116-117 

44       Brake  Connecting  Rod— Illustration,  Plate  II .  .L 116-117 

14      Deck  Carline— Illustration,  Plate  II r,  116-117 

44      Door  Sash— Illustration,  Plate  II 1, 116-117 
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'e,  Engineer's  Brake— and  Equalizing;  Discbarge— with 

Feed  Valve  Attachment— Illustration 1,851 

Equalizing  Brake— Engineer's—  Illustration I,  639 

Feed ...I,  865 

Gang,  Work  In  i   i.irgeof. ...1,385,  288 

Gear,  Stephenson's  Locomotive I,    48 

Governor  Pin I,  866 

Graduating. ..T,3«-342 

"        —Illustrations 1, 841,  844 

Holder— Illuatra  I  ion,  Plate  II , 1, 116-117 

in  Air  Pipe,  Check— IlluKtraiion,  Plats  II 1,116-117 

Main  Shut-Off— Illustration,  Plate  II. 1,116-117 

Motion,  Air  Pump .1,  308 

DirectActlng I,    84 

"       Indirect  Acting I,    84 

Work I,  986 

Pin 1,863,  863 

Poppet— Don  ble - 1, 808 

Pressure  Retaining I,  336, 346,  347,  638 

— Illustrations,  Plate  III. 

1,170-171,837,847,641 

"  "         —Instructions  to  Trainmen 1,397 

Reducing— Illustrations I,  386 

"Reinforce" I,  813 

Release 1,688 

■        —Illustration I,  641 

"        —Auxiliary  Reservoir  —  Illustration,    Plate 

III 1,170-171 

Belief— Illustration, Plats  I. 1,68-69 

"    —Automatic I,  310 

"  Graduated 1,813,313 

Retaining 1,375 

Rod I,    94 

Rotary J,  866 

"       Disc 1,839 

"       Horizontal 1,808 

"       Vertical 1,808 

Safety. 1,81,    89 

—for  High  Speed  Brake— Illustration 1,  863 

"        High  Speed 1,863,  868 

8ection   of— Illustration 1,    89 

Seat— Illuittration,  Plate  1 1, 68-69 

Seats.  Facing h  *£ 

Signal— Illustration I,  386 

c       —Car— lUustra Hon,  Plate  II 1, 116-117 

Slide I,  808 

"       -Illustrations 1,66,841,844 

*      —Defect!  ve      '• I,  889 

"       Method  or  Governing  the  Actios  of I,    91 

"      Starting -I.    M 


u  *       —Illustrations,  j 

*  »      .Defective 

14  u  —Draining  the... 

*  *»  .for  Driver  Brak 

*  u  — Law  Governing 
«*  •*  — Operations  of.. 

*  *  —Pipe  to— Ulustn 

14  **      —Plain 

u  ••  a     _  IllustraU 

u         »  tt     Automatic 

44  tt      —Quick  Action. . 

14  Water— IMustraJi'on,  PJa 
u  Whistle  Signal— IlVustra 
44      Yoke— Illustration,  Plai 

Valves 

Adjustment  of 

-      Air 

44      Brake — Conductor's  . . . 

*  Clean — Instructions  to  1 

*  Engineer's 

44      Feed 

44      Relief .... 

44      Safety— Illustration,  Ph 

44      Setting 

44      Triple— Cleaning— Insti 

44  u     —Draining 

44  "  — Effect  of  Quick 
44  u      -Repairing 

Vanderbilts 

Van  Etten,  E 

Variable  Speeds 

Variation  of  Current 
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Varnishes,  Use  of— by  Railways VII,  214 

Varrentrapp,  Professor VII,  169 

Varsovie-Vienna  Railroad  Car— Illustration I,  167 

Vault,  Cash— Care  of X,  270 

Vaults,  Money X,270,  271 

Vegetables,  Carriage  of •. V,  519 

Vegetable  Oils,  Use  of —for  Lighting  Cars IV,  172 

Vehicles,  Beginnings  of I,  132 

u        Chinese— Wheels  of IV,  191 

44        —Comparison  of  Past  with  Present I,  164 

44        Decoration  of I,  197 

M        Devices  for  Checking  and  Moderating I,  297 

44        Early  Methods  of  Heating IV,  153 

44        Evolution  of I,  156 

44        for  Military  Uses I,  224 

44  *   Purposes  of  War 1,162 

44        Interchange  of— by  Railroads II,    46 

44        Invention  of XI,    51 

4-4        Means  of  Controlling  the  Movement  of I,  294 

44        Metal I,  224 

44        Number  of  Brakes  Used  on 1, 313,  314 

44        of  Railroads I,  156 

Primitive— Gauge  of Ill,  190 

44        Use  of— by  the  Aryans ., 1, 169,  160 

Velocipede  Hand  Car— Illustration I,  149 

Venezuela Ill,    15 

Vent  from  Water  Tank,  Air— Illustration,  Plate  II. . .  .1, 116-117 

44     Pipe— Illustration,  Plate  II. 1, 116-117 

Ventilating  Chimney— Illustration,  Plate  II 1, 116-117 

Ventilation I,  269,  273, 274 ;  IV,  68,    69 

of  Cars V.33-36 

41  u  Tunnels 111,188,189 

Ventilators I,  256,  257 

—Illustrations   i  Plate  7 1,58-69 

—illustrations,  J  p{aU  u ^  116_m 

Vermont,  Railway  Taxation  in Ill,  452 

Vestibuled  Car IV,  119,  120 

Vertical  Rotary  Valve I,  308 

Vessels,  Art  of  Constructing— Evolution  of XI,    99 

44       Sea-Going— Perfection  of XI,  107 

Vestibule  Car,  American— Illustration I,  221 

44    in  Austria 1,204 

44     "  Germany 1,204 

44         Dome— Illustration,  Plate  II 1, 116-117 

44         Door— Illustration,  Plate  II 1, 116-117 

44  tt     Drop  Handle—  Illustration,  Plate  II....  1, 116-117 

44  u     Hinges—  Illustration,  Plate  II 1, 116-117 

tt  a     Guard  Rod— Illustration,  Plate  II 1, 116-117 

14  u     Lock— Illustration,  Plate  II 1, 116-117 

44        End  Carline— Illustration,  Plate  U 1, 116-117 
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Vestibule,  Glass  In  Donr—  IHttatratiou.  Piatt  II J,  116-117 

Hanci— Jllim'roMoi*,  Plate  II 1. 115-117 

"  Lamp— IUtuotraUott,  Piatt  II 1,116-117 

"  Pullman L  198 

Train 1,182, 187,  19* 

V'eetibuled  Locomotive  Tender I,  19S 

Trains 1,303.  3*4 

'V  Hook I,    49 

Viaducts.  Effect  of— on  Coat  of  Operation III,  394 

Vice-President 0,181,381 

Vicissitudes,  of  Corporate  Service. II,    60 

Victoria XI.  118 

Victorian  Biigjfuge  Hud  Compartment  Passenger  Car — Illtut- 

'ration I,  210 

Box  < :ar— WwfraMM I,  jgs 

"  Rallwav  Gondola  tstr— Illustration J,  1M1 

Horse  Car—  /(!*«  trillion 1,195 

"  Sheep  Car—  Illustration  I,  193 

Views,  Interchange  o(— 1 W  Value 1, 289,  290 

"VlguoW  Rail Ill,  200 

Villages,  Voui'iier*  in  Favor  of VII,  435 

Virgil. XI,    93 

Void  Tickets X,  133 

Volt,  Definition  of  .  I,  401 
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Vouchers,  Payment  of IX,  318,  368 

-  —by  Agents IX,  180, 374-378 

u  Petty— Paying X,    98 

Receipting VII,  439;  IX,  376;  X,  94,  97,    98 

44  Reclamation IX,  131 

Register  of X,  68, 83-85 

Relief IX,  371-374,  427 

Remitting IX,  425 

Stamping VII,  440 ;  IX,  377 

Unpaid VII,  438 

u  Used  as  Drafts X,  279 

Voyage,  Sea— The  First XI,  111 

Vulcanizing Ill,  374 


Wages.  .1,281 ;  II,  13,  24,25. 28, 50,51,60,  69;  in,  145,  415,  418-420 

u       Certificates  of.    (See  also  "Time  Tickets") 

IX,  380-390;  X,  271 

44  —Payment  of IX,  390-397 ;  X,  286 

Charging VII,  274 

u        Computation  of II,  24,    25 

*  Deceased  Employes' X,  284 

44       Dissimilarity  in II,  104 

Distribution  of VII,  359 

44       Effect  of  Danger  on II.  101 

44  u      **  the  Circulating  Medium  on m,  19, 21-23 

*  Efforts  of  Labor  to  Raise II,    34 

English IV,448-454 

44       Fictitious— Checks  for X,  198 

u       Fluctuation  of II,  106,  107 

44       forCommon  Labor 11,100,  101 

Garnished X,  284 

44       Garnishment  of ...   IX,  401-403 

44       Inadequate— Their  Effect  on  Railways II,  105 

inEngland X,  233,  234 

44       Influences  Affecting II,  98, 102,  104 

44       Keeping  Account  of VII,  240 

44       Method  of  Computing VII,367,  368 

44       of  Deceased  Employes. VII,  403, 407;  IX,  394 

44        Orders  for IX,  400, 401 ;  X.  205,  231 

44       Payment  of 1, 280;  VII, 

398, 406-410;  IX,  380,  390-397 ;  X,  185-253,  285,  286 

44       PayRollsfor VII.  388-397 

44       Principles  Governing  the  Fixing  of II,  97-107 

44       The  Act  of  Paying  Railway  Employes  Their..X,  185-290 

44       Timeof  Paying X,216,  217 

44       Traffloin VII, 898;  IX,  434 

44       Uncalled  for X,197,  251 

44       Withheld X,  286 

*  Withholding IX>177I388,  389 
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Wagner  Palace  Car  Company 1, 117,  196-1  (ffl;  VI, 

Service I,  308 

Wagon,  Evolution  of XI,    63 

First  Introduction  of 1,100;  XI,     54 

Horseless XI,  521,  522 

"         Introduction  of. XI,    63 

Peddler's— Tho  Kail w«y  Car  a  Sulmtltntc  for 1,  168 

Wagons,  of  Primitive  AnflB ? I,  MS 

^         V se  of— by  Railway* VII,  211 

"  "    "—for  House* XI,    Sd 

Wainscot  Panel— Ittastraliax.  Platr  II 1,116-117 

Rail,  Lower—  lltu»l.rati inn,  flair  It. I.  118-117 

"     Upper—  Illustration,  Platr  II 1,116-117 

Wake XI,     38 

Walls,  of  Car  Repair  Shops. 1,273 

"      "  Shop  Btiildlnga I,  353 

War  Chariots.  Wheels  of IV,  190 

"    Department.  Trans  port  at  ion  for .....V,  144 

"    First  Vebldesfor I,  163 

"    MiinitiouBof I,  234 

"    on  Private  Interests.  Effeot  of VIII,  161 

Warehousemen,  Carriers'  liwjionslblllty  an IX,    75 

Warehouses,  Examinations  of IX,  105 

Preventing  Blocking;  of .#. IX,    76 
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Waste,  Charging VII,  830,  321 

Wastcluiness 11,118 

Waste  Pipe  Basin— Illuatra (ion,  Piatt  II. 1, 116-117 

"      Record  of VII,  830,  331 

"      Use  of— by  Railways VII,  813 

Watch  Certificate,  Form  of IV,  336 

Watches,  Rules  Governing IV,  330-338 

Watchmen,  Track Ill,  248,  280 

*  "      —Coat  of III.  288 

Water  Glass  or  Turn  bier -II  lustra  (ion,  Plate  II. 1, 116-117 

"      Height  of— in  Boiler— How  Ascertained I,  80,    81 

"      Hot— Use  of.  for  Heating  Cars IV,  165,  166 

"        "        "     " —In  Europe,  for  Heating  Cars. V,  236 
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